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VOTE  OF  THANKS  TO   RETIRING  PRESIDENT.     [Nov.  8th 


■1 


The  pRiisiDEST  ;  Before  opening  the  proceedings  I  have  a  pleasant 
an  noun  cement  to  make.  As  most  of  you  are  aware,  I  have  just  spent 
some  four  or  five  m'ceks  in  Berlin,  and  whilst  there  I  was  invited  to 
attend  a  meeting  of  the  Electrotechnischer  Verein,  at  which  a  paper  was 
read  by  Mr.  Poulsen,  the  well-known  inventor  of  the  telegraphone,  on 
A  New  Method  of  Wireless  Telegraphy*  which  I  am  glad  to  say  was 
founded  on  some  original  researches  made  by  one  of  our  members, 
Mr,  DuddeO,  His  Excellency  von  Sydow,  the  President  of  that  Insti- 
tution, taking  advantage  of  my  presence  there,  made  a  statement,  in 
which  he  expressed  the  gratification  of  the  German  members  at  the 
hospitahty  which  was  extended  to  them  during  their  recent  visit  to  this 
country  ;  and  be  desired  to  thank  the  Institution,  through  me,  for  that 
hospitality.  It  was  a  gratifying  incident,  which  preceded  an  interesting 
address, 

Mn  JoHK  Gavey  then  presented  the  Premiums  and  Scholarships 
referred  to  in  the  Annual  Report  for  the  year  1905-6. 

Mr.  Gavey  then  vacated  the  chair,  which  was  taken  by  Dr.  R.  T, 
Glaiiebrook,  F.R.S.,  the  new  President. 

The  pRESi  DEXT  (Dr.  R,  T.  Glaiebrook)  ;  Gentlemen,  my  first  duty 
as  President  is  to  ask  Mr.  Siemens  to  be  good  enough  to  propose  a 
Resolution. 

Mr,  Alexander  Siemens  {Past  President) :  Gentlemen,  it  is  my 
pleasing  duty  to  propose,  **  That  the  best  thanks  of  the  members  of  the 
Institution  of  Electrical  Engineers  be  given  to  Mn  John  Gavey,  C.B., 
for  the  very  able  manner  in  which  he  has  filled  the  office  of  President 
during  the  past  twelve  months,"  It  is  hardly  necessary  for  me  to  say 
many  words  in  proposing  this  resolution,  Mr.  Gavey,  I  have  no  doubt, 
has  during  his  presidency  experienced  the  usual  troubles  which  all 
Presidents  liave  i  but  we  mui^t  bear  in  mind  the  fact  that,  in  addition, 
he  has  been  a  very  able  and  efficient  host  to  the  foreign  Societies  which 
we  invited  to  visit  this  country  in  June  of  this  year.  He  has  just  told 
us  how  the  German  Society  thanked  him  when  he  was  in  Berlin  for 
the  way  in  which  the  members  of  that  Society  were  received,  and  I  am 
sure  you  atl  know  how  verj-  much  Mr.  Gavey  personally  contributed 
to  the  success  of  that  gathering.  I  have  all  the  more  pleasure  in  pro- 
posing a  vote  of  thanks  to  him  for  the  efficient  maoner  in  which  he 
performed  the  duties  of  his  office  because  some  of  you  may  remember 
that  I  had  the  honour  of  introdncing  him  to  you  last  year,  I  have 
very  much  pleasure  in  moving  the  resolution, 

Mr,  W.  M*  MoRDEV  (Vice-President) :  Sir,  the  duty  devolves  upon 
me—and  I  am  very  glad  it  does— of  seconding  the  proposal  that  has  just 
been  made.  We  must  not  forget,  in  speeding  our  parting  President^ 
that  this  Institution  began  as  the  Institution  of  Telegraph  Engineers^ 
This  year  in  particular  it  has  been  very  fitting  that  our  President  should 
have  been  a  distinguished  member  of  the  oldest  branch  of  our  profes- 
sion* England  is  the  homo  of  submarine  telegraphy,  which  was 
developed  in  an  endeavour  to  keep  in  touch  with  our  foreign  friends. 
This  year  we  have  tried  to  make  that  connection  still  closer,  as  you 
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know*  by  conducting  our  foreigri  guests  round  our  countryj  under  the 
guidance  of  our  Presidentiand  showing  tliem  some  of  thcduvelopments 
of  electncal  engineering  here.  I  am  sure  we  all  wish  to  thank  him 
oow,  at  the  end  of  his  year  of  ofRce,  for  the  way  in  which  he  has 
carried  out  his  unusually  onerous  duties,  for  the  kindliness  and  the 
dignity  with  which  he  has  conducted  all  our  meetiugs,  and  for  the  way 
in  which  he  has  represented  this  Institution  at  home  and  abroad.  I 
have  great  pleasure  hi  seconding  the  proposal  of  Mr.  Siemens. 

Mr.  J.  Gavey  :  Gentlemen,  I  thank  you  very  heartily  for  the  kind 
mamncr  in  which  you  have  received  the  proposal  of  Mr*  Siemens 
and  Mr,  Mordcy.  I  am  very  proud  of  having  had  the  honour  of 
presiding  ovfcr  this  great  Institution  during  the  past  Session.  If  1  have 
not  wholly  failed  in  conducting  the  work  of  the  Institution,  I  owe  what 
little  success  I  may  have  achieved  very  largely  to  the  hearty  co- 
operation and  goodwill  of  my  friends  and  colleagues  on  the  Council, 
and,  In  the  second  place^  to  the  consideration  you  have  been  good 
enough  to  show  me  in  conducting  the  debates  of  the  Institution. 
Again,  gentlemen,  I  thank  you. 

The  Presidemt  then  delivered  his  Inaugural  Address, 
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By  Dr.  R.  1\  Glazebrook^  F.R.S.,  President. 

Gextlemen, — Let  me  commence  my  address  by  thanking  you  very 
*iiiicercly  for  placing  me  in  this  chair.  The  posst  to  which  you  have 
called  mc  h  a  most  honourable  one,  I  value  the  distinction  highly, 
and  accept  the  responsibiUty  it  entails  with  the  full  intention  of  doing 
all  1  can  to  promote  the  be^t  interest  of  the  Institution,  and  with  the 
sure  hope  that  in  this  endeavour  I  shall  have  the  support  of  its 
members. 

Since  the  last  Presidential  Address  we  have  lost  some  of  our 
members  by  the  hand  of  death  *  among  these  I  would  specially  remind 
you  of  the  name  and  work  of  Carl  Heinrich  von  Siemens*  Born  in 
iK29j  he  was  the  sixth  in  a  family  of  eleven  sons,  and  his  work  for 
engineering  science  is  closely  bomid  up  with  that  of  his  three  broth ers^ 
W  i  U  ia  ni  J  W  e  r  n  e  r,  a  n  d  Fr  ied  rich.  Af  te  r  rep  re  sen  1 1  n  g  t  h  e  fi  rtn  of  Siemens 
and  Halske  for  some  time  in  St,  Petersburg,  he  settled  in  London  in 
1869,  and  took  an  active  share  in  the  business  of  Messrs.  Siemens  Bros. 
He  look  charge  of  the  new  cable  ship  Fannhiy  on  tier  first  voyage,  and 
was  the  ttrst  to  succeed  in  recovering  from  the  Atlantic  a  broken  cable. 
After  eleven  years  in  England  he  returned  to  Russia*  but  in  1892 
settled  in  Berlin  as  head  of  the  firm  of  Messrs.  Siemens  and  Halske. 
He  was  a  Vice-President  of  our  Institation^  having  been  a  member  from 
the  time  of  its  foundation. 

During  this  year  our  progress  has  been  marked  ;  the  Annnal  Report 
of  the  Council  gives  full  statistics.  Our  members  have  increased  and 
now  reach  5,800*  The  pages  of  the  Jour  mil  contain  evidence  of  the 
value  of  our  work  and  of  the  wide  scope  of  the  interests  with  which 
we  are  concerned ;  while  among  important  matters  which  are  not 
yet  completed  1  should  like  to  refer  to  the  work  of  the  Wiring  Rules 
Committee,  of  which  Mr.  C*  P,  Sparks,  Vice-President,  is  the  Chairman, 
and  to  the  reorganisation  of  the  Library,  which  is  being  carried  through 
at  the  cost  of  much  personal  labour  by  Mr.  Duddell,  Chairman  of  the 
Library  Committee,  Professor  Thompson,  and  Mr.  Mather* 

During  the  aulumn  of  the  past  year  a  very  successful  Electrical 
Exhibition  v^as  held  at  Olympla.  The  Council  were  glad  to  accept  the 
position  of  patrons  lo  the  Exhibition^  and  gratefully  acknowledge  the 
kindness  of  the  Organising  Committee  in  handing  a  large  donation 
from  their  balance  to  the  Benevolent  Fund  of  the  Institution, 

Nor  is  it  only  in  London  that  our  activities  have  shown  themselves. 
Throughout  the  country  the  number  of  our  members  is  becoming 
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larger*  and  the  papers  which  are  contnbuted  to  llieir  meetings  are 
growing  in  importance  and  in  value* 

Those  of  us  who  were  fortunate  enough  to  take  part  in  the  tour  last 
July  were  grati&ed  and  pleased  at  the  strength  and  vigour  of  our  Local 
Sections  in  the  great  towns  we  visited,  and  at  the  positions  which 
prominent  members  of  those  Sections  had  won  for  themselvfs. 

Rut  this  same  growth  brings  its  own  difficulties.  The  question  how 
best  to  utilise  the  various  forces  of  the  Institution  for  the  trentfit  of  the 
whole  is  ever  with  the  Council^  and  for  its  solution  needs  careful 
thought.  Mr.  Gray  referred  to  it  in  his  address  three  years  ago.  I 
mention  it  now,  not  to  discuss  it,  but  merely  to  express  my  own  view 
of  the  importance  of  securing  to  each  Section  til>erty  of  action  in  its 
own  atTairs,  while  at  the  same  time  giving  to  the  central  body  the 
tilrength  which  it  can  only  possess  through  gaining  the  full  conlidence 
ci  the  Sections,  and  which  is  necessary  for  the  welfare  of  the  whole. 

It  is  impossiblCt  I  know,  for  the  Cliairnien  of  our  Local  Sections  to 
attend  meetings  of  the  Council  or  its  Committees  with  the  rcgutarily 
of  London  members.  May  I  take  this  opportunity  of  telling  thcin  that 
they  are  always  very  welcome  and  of  assuring  them  on  behalf  of  their 
colleagues  that  their  experience  of  local  needs  is  most  valuable  to  the 
Councili  and  that  suggestions  which  they  may  make  for  adding  to  the 
usefulness  of  tlie  Institution  will  be  most  carefully  considered  I 

And  in  reviewing  very  briefly  the  events  of  the  past  3'ear  I  should 
like  to  thank  the  authors  of  the  various  papers  which  have  been  con* 
tributed  to  our  Procccding%.  It  is  no  light  task  for  busy  men  like 
those  whose  names  appear  in  this  %'olume  to  write  papers  such  as  we 
liave  listened  to.  Their  labours  have  added  to  the  sum  of  our  know- 
ledge«  and  have  advanced  both  the  principles  and  practice  of  electrical 
engineering.  The  large  attendance  at  our  meetings,  the  number  of 
speakers,  and  the  numerous  points  raised  in  the  discussions,  all  testify  to 
the  inlcrest  and  importance  of  their  work. 

But  while  the  ordinary  path  of  the  In.^ititution  has  been  full  of 
interest,  the  visit  of  our  kindred  societies  from  other  lands  stands  out 
as  the  marked  feature  of  the  year*  The  story  of  that  visit  is  well  known 
to  you  all  I  stilli  it  seems  right  to  put  on  record  some  few  facts  relating 
lo  it.  The  desirability  of  inviting  to  England  many  friends  whose  hos- 
pitality we  had  ourselves  enjoyed,  and  by  whose  experience  we  had  so 
greatly  benefited,  was  realised  as  soon  as  the  question  was  mooted^  and 
the  generous  rcsjxjnse  made  to  the  first  suggestion  of  the  Council 
quickly  brought  the  matter  within  the  bounds  of  practical  pohtics.  The 
mvitaiion  of  the  Institution  was  accepted  by  some  two  hundred  guests,'^ 
^sd  their  visit  was,  we  may  fairly  claim,  a  great  success.  So  far  as  the 
country  lour  w*as  concerned,  that  success  was  due  in  no  small  measure 
to  our  Local  Sections^  and  to  the  support  and  assistance  Ihey  received 

•  T\vt  iiivitattuti  >»^'^  isatic»l  tu  and  accepted  by  ttie  followinjj;  ajssociiUioiti^  ;  The 
Amrrtc^in  t(i?^titiite  nl  Etrctrical  En;<;ineer!i,  The  Canadian  Electrical  AsAiici^titJii,  The 
ScMnrte  ttittrniatiimate  dies  Eltrctriciena^  Ttit;  Klektrotechnischtr  V'ertjtn,  Tlit  Vi*rbaiid 
Deutsche.'!  ElekU-otecbEiJkcr,  The  Asaociaiiane  Eltttrotetnica  Itali^tna^  Tht;  Schwci^cr- 
iBclier  lilrktriitechuisicber  Vercin. 
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from  the  municipal  authorities  in  the  various  towns  which  wc  visited. 
This  support  changed  the  whole  character  of  the  tour,  Evcrj-^liere 
it  became  a  public  event,  and  the  enthusiasm  with  which  the  local 
authorities  took  the  matter  up^  the  trouble  they  gave  themselves  to 
make  it  a  success,  and  the  generous  hospitalily  they^  offered  to  our 
guests,  were  preponderating  factors  in  determining  the  results  of  the 
visit.  As  our  President  said  at  Glasgow,  the  courtesies  \\*g  received 
converted  the  private  hospitality  of  the  Institution  into  an  act  of 
international  courtesy. 

The  pleasure  of  our  visit  to  Glasgow  was  enhanced  in  no  small 
measure  by  the  fact  that  Lord  Kelvin  received  us  as  President  of  the 
Local  Section^and  the  presentation  which  the  Italian  delegates  made  to 
him  was  an  act  of  homage  which  gave  the  deepest  satisfaction  to  us  all. 

Formal  thanks  have  gone  from  the  Council  to  those  who  entertained 
us,  I  feel,  however,  that  you  would  wish  me  to  express  publicly  to  our 
kind  liosts  acknowledgments  of  their  liclp. 

The  Council,  to 0|  at  its  meeting  in  July  passed  a  very  cordial  vote  of 
thanks  to  our  ex-lVesidcnt  and  to  Mrs.  Gavey  for  all  they  did  to  con- 
tribute to  the  success  of  the  visit ;  to  Mr,  Gray,  whose  ready  tact  and 
courtesy  smoothed  over  every  difficulty,  and  whose  only  thought  seemed 
to  be  ho'w  to  make  all  around  as  contented  as  himself ;  and  to  the 
officials  of  the  Institution,  w^ho  throughout  interpreted  in  the  most 
admirable  manner  the  washes  of  the  Council,  and  devoted  themselves 
in  the  most  whole* hearted  wav  to  giving  those  wishes  effect*  You,  I 
am  iiuie,  whom  I  am  now  addressing,  will  confirm  these  votes  and 
express  to  all  whom  I  have  mentioned  your  hearty  thanks  for  their 
services  to  our  Institution, 

My  own  scientific  work  for  many  years  past  has  been  concerned  so 
largely  with  units  of  measurement,  standards,  and  standardisation,  that 
you  will  pardon  me,  I  trusty  if  I  ask  your  attention  for  a  brief  time  to  the 
early  history  and  to  some  of  the  present  aspects  of  these  and  allied 
problems. 

I  hope  that  no  apology  is  needed  lor  the  choice.  Standards  and  exact 
measurement  do  not  appeal  to  all.  Some  weeks  ago  a  distinguished 
visitor  was  looking  in  my  laboratory  at  a  string  of  ligures  which 
represented  the  results  of  a  long  scries  of  measurements.  The  figures 
were  given  to  five  places,  and  his  remark  was,  "If  you  really  wish  to 
see  what  the  differences  between  your  individual  experiments  are^  you 
will  have  to  calculate  another  place  of  decimals."  I  fear  that  many 
present  will  hardly  appreciate  fully  the  pleasure  those  words  gave  to  his 
listeners ;  and  yet  the  history  of  standardisation  is  most  interesting,  and 
the  account  of  the  progress  whereliy  the  present  high  state  of  accuracy 
has  been  reached,  from  the  days  when  a  cow*  or  sheep  wa^  the  unit  of 
value,  or  a  barleycorn  a  measure  of  length,  through  those  iti  which  the 
yard  was  determined  by  the  stretch  of  the  sovereign's  arm,  up  to  our 
own  times,  is  a  fascinating  one.  On  the  general  subject  reference 
may  be  made  to  a  recent  work — **The  Evolution  of  Weights  and 
Measures/'  by  Hallock  and  Wade* 
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In  our  own  subject  the  story  is  comparatively  short.  The  first 
Report  of  the  Electrical  Standards  C^DoimittcD  of  the  British  Association  •** 
is  dated  October  3  ^  1 862,  It  deals  with  the  value  of  the  unit  of  resistanc© 
and  incidentally  establishes  the  absolute  system  of  electrical  units, 

The  entire  connection  between  the  various  units,  the  Report  says, 
may  be  summed  up  as  follows : — 

"  A  battery  or  rheomotor  of  unit  electromotive  force  will  generate  a 
current  of  unit  strength  in  a  circuit  of  unit  resistance,  and  in  the  unit 
of  lime  will  convey  a  unit  quantity  of  electricity  through  this  circuit  and 
do  a  unit  of  work  or  its  equivalent." 

The  words  sound  veiy  simple  and  elementary  in  igo6 ;  it  is  only 
forty-four  years  since  they  were  penned  and  electrical  measurements 
began. 

An  absolute  determination  of  the  unit  of  resistance  had  already  been 
iDade  by  Weber  ;  the  Committee  proposed  to  make  a  fresh  determina- 
tion, and  they  state  :  ^^  If  Professor  Weber's  results  accord  within  i  per 
cent,  with  these  new  determinationSj  it  is  proposed  that  provisional 
st^mdards  shall  he  made  of  German  stiver  wire  in  the  usual  way,  and 
that  they  should  at  once  be  issued  to  all  interested  in  the  subject 
without  waiting  for  the  construction  of  the  final  material  standard,*' 
Wc  are  now  striving  to  multiply  this  acctiracy  one  thousand  times, 
Next  year  Joule  and  Masrweli  appear  as  memtjcrs  of  the  Committee, 
and  die  Reports  of  1863  and  1864  contain  accounts  of  the  first  experiments 
for  the  determination  of  the  ohm  in  absolute  measure  carried  out  by 
Ma^cwell  and  Fleeraing  Jenldn  in  the  laboratory  at  King's  College  ;  while 
in  Appendix  C  to  the  Report  of  1863  is  to  be  found  "  a  full  explanation 
of  the  meaning  of  absolute  measurement,  and  of  the  principles  by 
which  absolute  electrical  units  are  determined,"  which  the  Committee 
thought  fit  **  should  form  part  of  the  present  Report,  especially  as  the 
only  information  on  the  subject  now  extant  is  scattered  in  detached 
papers  by  Weber,  Thomson,  Helmholtz,  and  others,  requiring  con* 
siderable  labour  to  collect  and  understand/'  This  Appendix  on  the 
Elementary  Relations  between  Electrical  Measurements  is  by  Clerk 
Maxwdl  and  Fleeming  Jenkin,  and  is  a  model  of  what  such  an  account 
should  be. 

In  1865,  we  read,  the  Committee  has  the  pleasure  of  reporting  that 
the  object  for  which  they  were  first  appointed  has  now  been  accom- 
plished. The  unit  of  electrical  resistance  has  been  chosen  and 
determined  by  fresh  experiments  ;  the  standards  have  been  prepared, 
and  copies  of  these  standards  have  been  made  with  the  same  care 
as  was  employed  in  adjusting  these  standards  themselves.  Of  these 
copies,  ten  made  of  various  alloys  were  prepared  with  great  care 
and  deposited  at  the  Kew  Obser\^ator)%  It  is  interesting  to  note 
that  after  various  journey ings  the)*  have  now  come  back,  in  a  sense,  to 
thdr  original  destination  :  they  are  in  my  charge  at  the  National 
Pbysical  Laborator}\ 

'.  *  The  mcQibcrs  of  the  Commilttc  wcru  Prtif tssor  WiIlianisoQ,  Professor  Wheabtone, 
Prof^aor  W.  Thoinpon,  Profes^ir  Milltr,  Dr,  Matthitss^n,  and  Mr,  F,  Jcukm. 
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^^H  Fleeming  Jenkin,  in  his  Report  to  llic!  Royal  Society  on  the  new  unit 

^^H  of  resistance   proposed   and   issued   by  the  Commit  tee  on  Electrical 

^^^1  Standards  appointed  in  iBfn  by  the  British  Association,  gives  a  history  of 
^^^1  the  whole  subject,  starting  from  the  days  of  Lenz,  who  in  1833  stated  that 
^^^1  I  foot  of  Mo.  It  copper  wire  was  his  unit  of  resistance,  and  Wheatstone^ 
^^^1  who  in  1843  proposed  i  foot  of  copper  wire  weighing  100  grains,  not 
^^^H  only  as  a  unit  but  as  a  standard  of  resistancCj  until  the  time  when  in 
^^H  England  the  unit  was  the  mile  of  No.  16  copper  wire,  in  Germany  the 
^^H  mile  of  No.  H  iron  wirCt  and  in  France  the  kilometre  of  iron  wtrc 
^^H  4  milhmetres  in  diameter,  down  to  the  mercury  unit  of  Werner  von 
^^H  Siemens,  to  whtch  in  our  recent  legislation  we  have  so  nearly  returned, 
^"  The  question  of  electrical  standards  in  its  present  phase  was  last 

brought  before  us  by  Mr.  Duddell  in  bis  very  able  Report  on  the  pro- 
ceedings at  the  St*  Louis  Conference,  and  occupied  us  for  a  large  part 
of  tvvo  evenings  in  April  of  last  year.  You  will  remember  that  in  the 
course  of  Mr.  Duddcirs  Report  he  referred  to  tw^o  important  resolutions 
passed  at  St,  Louis,  and  the  que stion  of  giving  effect  to  Lhese  was  con- 
sidered.   The  ttrst  resolution  was  as  follows  :^ 

"  It  appears  from  papers  laid  before  the  International  Electrical 
Congress,  and  from  the  discussion,  that  there  are  considerable  discre- 
pancies between  the  laws  relating  to  electric  units,  or  their  interpreta- 
tion, in  the  various  countries  represented,  which  in  the  opinion  of 
this  Chamber  require  consideration  with  a  view  to  securing  practical 
uniformity.  Other  questions  bearing  on  nomenclature  and  the 
determination  of  units  and  standards  have  also  been  raised  on  which, 
in  the  opmion  of  this  Chamber,  it  is  desirable  to  have  international 
agreemenL 

'*  The  Chamber  of  Delegates  considers  that  these  aiul  similar  quest  ions 
could  best  be  dealt  with  by  an  International  Commission  representing 
the  Governments  concerned.  Such  a  Commission  might  in  the  first 
instance  be  appointed  by  those  countries  in  which  legislalion  on  electric 
units  has  been  adopted,  and  consist  of  (say)  two  members  from  each 
country.  Provision  should  be  made  for  securing  the  adhesion  of  other 
countries  prcp.ired  to  adopt  I  he  conclusions  of  the  Committee/" 

At  the  discus!sion  I  was  able  to  announce  that  His  Majesty** 
Government  were  prepared  to  assist  by  nominating  delegates  to  such 
a  Conference,  and  possibly  by  more  active  aid  than  that. 

Since  that  date  the  matter  has  progressed  very  considerably.  In 
October,  1905,  a  Conference  of  representatives  of  standardising  labora- 
tories was»  by  the  very  kind  invitation  of  Professor  Warburg,  President 
of  the  Reichsanstalt,  held  at  Charloltenburg,  to  consider  ttic  position  of 
the  subject  and  to  discuss  the  questions  which  might  come  before  such 
a  Congress  if  it  were  held. 

Representatives  were  present  from  America,  Austria,  Belgium  p 
Franc  e,  (k- mi  any*  and  Great  Hritain,  and  Professor  Mascart^  of  Paris, 
was  unanimously  invited  to  take  the  chair.  After  very  careful  dis- 
cussion the  following  resolution  was  adopted  : — 

**  In  view  of  the  iacl  that  the  laws  of  the  d liferent  countries  nj 
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reliiUon  to  electrical  units  are  not  in  complete  agreement,  the  Conftrr- 
ence  holds  it  desirable  that  an  official  Conference  should  be  held  in  the 
course  of  a  year  with  the  abject  of  bringing  about  this  agreement/' 

This  result  was  reported  to  the  Government,  and  the  Foreign  Office 
issued  invitations  to  a  Conference  for  this  purpose,  to  be  held,  probably, 
in  October/^  1907* 

These  invitations  have  been  very  cordially  received,  and  there  is 
little  doubt  but  that  about  a  year  hence  this  important  Congress  will 
be  held  in  London, 

Aod  now  as  to  some  of  the  matters  which  will  come  before  the 
Congress  when  it  is  held,  and  which  were  considered  at  Berlin  last  year. 

Of  the  three  units  of  resistance^  current,  and  electronxotive  force,  two 
only  are  independent,  and  it  w^ill  be  remembered  that  at  St<  Louis,  while 
it  was  agreed  that  the  unit  of  resistance  must  be  one  of  these,  there  was 
aome  difference  of  opinion  as  to  whether  the  volt  or  the  ampere  should 
foe  tlie  second.  This  question  was  considered  at  Berlin.  Professor 
Cafhart  strongly  pressed  the  view  that  the  volt— defined  for  practical 
purposes  by  the  E*M.F.  of  some  standard  cell— should  be  the  second^ 
but  in  this  he  found  little  support,  and  in  tlie  end  the  two  following 
decisions  w'ere  come  to  : — 

1.  That  only  two  electrical  units  shall  be  chosen  as  fnnd  a  mental 
tinits. 

2.  The  international  ohm,  defined  by  the  resistance  of  a  column  of 
mercury r  and  the  international  ampere,  defined  by  the  deposition  of 
silver,  are  to  be  taken  as  the  fundamental  electrical  units,] 

Accepting,  then,  these  two  resolutions,  a  definition  of  the  interna- 
tional volt  is  required,  and  that  is  given  by  a  third  resolution. 

3.  The  international  volt  is  I  hat  electromotive  force  which  produces 
an  electric  current  of  one  internatiouat  ampere  in  a  conductor  whose 
resistance  is  one  international  ohm. 

rBut  this  resolution  by  itself  does  not  enable  us  to  realise  the  volt  in 
^  concrete  manner  except  by  the  measurement  of  a  current  and  a 
resistance  :  some  reference  to  a  standard  cell  is  required^  and  that  is 
afforded  by  Resolution  4. 
4.  The  Weston  cadmium  cell  shall  be  adopkd  as  the  standard  Cell. 
It  w*iil  he  noted,  however,  that  these  resolutions  by  thcm^^ulvesdonot 
(leAne  the  relation  between  these  international  units  and  the  absolute 
C.G.Jv  unit^.  It  is  understood  that  the  international  ohm,  ampere,  and 
volt  represent,  at  any  rate  with  sufficient  exactness  for  practical  pur- 
poses, the  ohm,  the  ampere,  and  the  volt  of  the  C.G.S.  system,  or  10^ 
CG.S,  units  of  resistance,  10^^  C.G.S.  units  of  current,  and  io*C,G.S»  units 
d  electromotive  force  respectively.  But  for  this  purpose  the  dimen- 
sions  and  temperature  of  the  mercury  colunm,  the  weight  of  silver 

•  The  d^e  Octoljcr.  1906,  was  first  suijgeated,  but  consideration  showed  that  it  was 
loo  toon  to  enable  the  nece%A.ir>-  prelin^inary  w^rk  l<i  btr  doiH\ 

t  Tlie^*  Jeciiiinns  it  slinnkl  bsr  iK^tetJt  Mt  irt  liarm  nv  witTi  a  rc>5oli)tbti  nf  the 
Elc^iricil  StA^dHird^  CimniHtL-u  oi  the  Bdtisih  Ai^odatiun  passed  tm  Dctol>cr  ig,  1915. 
til  ihii  kUccI  "  Tii.it  tw,i  uriiU  :ihFmId  be  di^linci  inilcptEidt-titly,  and  Ib^t  thirst:  Lwu 
t^iiiUt  be  th©  unit  of  rcaiatancc  and  the  unit  uf  current" 
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deposited  under  definite  conditions  in  a  given  time,  and  the  E.M.F. 
in  C.G.S*  units  of  the  standard  cell  must  all  be  found. 

These  matters  were  brought  under  consideration  in  turn.  In  the 
case  of  the  ohm,  while  there  was  no  proposal  to  modify  the  statement 
of  the  dimension  of  the  mercury  column  formulated  at  Edinburgh  in 
1892,  some  important  conclusions  were  reached  as  to  the  best  method 
of  constructing  practical  standards  having  a  resistance  of  i  ohm. 

With  regard  to  the  ampere  and  the  volt,  it  was  felt  that  though 
recent  work  had  made  uncertain  the  numbers  generally  accepted  for 
the  weight  of  silver  deposited  per  second  by  10"'  C.G.S.  units  and  the 
E.M.F*  of  the  Clark  or  Weston  cell,  there  w^as  not  sufficient  evidence 
availiiblc  at  that  time  to  settle  these  questionsj  and  the  opinion  was 
therefore  expressed  by  the  Conference — 

1.  That  the  information  t>efore  it  is  not  sufficient  to  enable  it  to 
propose  any  alteration  in  the  formerly  accepted  value  for  the  ampere* 

2,  That  the  information  before  it  is  not  sufficient  to  enable  it  to  lay 
down  exact  directions  in  respect  to  the  silver  voltameter  and  the 
standard  cell. 

While,  finally^  the  opinion  was  expressed  by  the  Conference  that  on 
such  malters  as  the  exact  value  of  the  electro-chemical  equivalent  of 
silver  or  the  procedure  to  be  followed  with  regard  to  the  use  of  the 
silver  voltameter  or  the  construction  of  the  standard  ccll^  it  was 
important  that  agreement  should  be  reached  lictween  the  Standardising 
Institutions  concerned  before  a  formal  Conference  was  asked  to  decide 
on  them,  and  that  if  such  agreement  was  not  reached  by  correspond- 
ence a  new  preliminary  Conference  should  be  held. 

Accordingly^  since  October  last  experiments  have  been  going  on  in 
various  countries  to  decide  the  questions  left  open. 

Professor  Ayrton  described  during  the  discussion  already  referred 
to,  the  balance^  the  electrical  part  of  which  has  t>ecn  constructed  at  the 
National  Physical  Laboratory  from  the  designs  of  himself  and  Mr. 
Mather  as  given  in  working  drawings  made  by  Mr.  Gregory  at  the 
Central  Technical  College,  Since  that  date  a  very  large  number  of 
results  have  been  obtained  by  the  balance,  both  for  the  mass  of  silver 
deposited  and  the  E.M.F,  of  a  Weston  celL  The  material  is  being 
prepared  for  publication^  and  although  some  points  still  need  further 
elucidation,  I  may  say  that  the  agreement  reached  is  most  gratifying, 
and  the  results  wilt  enable  us  to  state  both  the  value  of  the  international 
ampere  and  the  E.M.F.  of  the  celUn  C*G.S.  units  to  a  very  high  degree 
of  accuracy,  a  degree  which,  at  any  rate,  is  far  beyond  anything  that 
will  be  required  for  commercial  purposes  for  years  to  come. 

At  the  same  time  it  must  be  remembered  that  we  require  to  know 
the  value  of  our  standards  to  a  much  higher  order  of  accuracy  than 
that  to  which  they  are  used  in  order  to  be  certain  of  our  results.  Much 
of  the  rapid  progress  of  the  electrical  industry  is  due  to  the  fact  that 
the  quantities  dealt  with  arc  capable  of  ver>'  exact  measurement,  and  T 
trust  that  we  shall  never  underrate  the  importance  of  great  exactness  in 
all  fundamental  measurements. 
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And  now  let  me  turn  to  another  aspect  of  standardisation.  It 
appears  Uiat  it  is  not  only  necessary  that  the  fundamental  units  of  our 
science  should  be  the  same  throughout  the  world  ;  of  recent  years 
tile  conviction  has  grown  stronger  that  the  welfare  of  the  nations 
may  be  promoted  by  the  extension  of  this  principie,  and  International 
Standardisation  has  become  a  question  of  the  first  importance. 

Much  of  the  work  of  the  Engineering  Standards  Committee  is 
known  to  all  members  of  the  Institution.  !  profxisc  to  return  later  to 
some  of  its  aspects.  Two  years  ago  Colonel  Crompton,  the  enthusiastic 
Chairman  of  one  of  the  sub-commUtees,  brought  the  question  of 
standardisation  before  the  St-  Louis  Congress,  and  that  act  has  bad  a 
wide-reaching  result,  for  the  Chamber  of  Delegates  at  St.  Louis  took 
up  the  question  and  adopted  unanimously  the  following  resolution  : 
"  That  steps  should  be  taken  to  secure  the  co-operation  of  the  technical 
societies  of  the  world  by  the  appointment  of  a  representative 
Commission  to  consider  the  questions  of  the  standardisation  of  the 
nomenclature  and  ratings  of  electrical  apparatus  and  machinery/' 

It  was  further  agreed  :  ''That  the  delegates  report  the  resolution  of 
the  Chamber  to  their  respective  technical  societies,  with  the  request 
that  the  societies  take  such  action  as  they  may  deem  best  to  give  effect 
to  this  resolution  j  and  that  the  delegates  be  requested  tn  communicate 
the  result  of  such  action  to  Colonel  R.  E.  B.  Crompton,  of  Chelmsford, 
Engimd,  and  to  the  President  of  the  Anierican  Institute  of  Electrical 
Engineers,  New  York  City;" 

In  accordance  with  this,  Colonel  Crompton  communicated  the 
desire  of  the  Congress  to  the  Institntion  of  Civil  Engineers,  and  after 
due  consideration  it  was  proposed  that  our  Institution  should  take  up 
the  matter  by  appointing  an  Executive  Committee  to  consider  and 
report  upon  a  scheme  for  the  constitution  of  an  International  Com- 
mission, in  accordance  with  the  resolution  passed  by  the  Chamber  of 
Delegates  at  the  International  Congress  of  St.  Louis  in  1904,  and  to 
pursue  any  course  which  might  seem  desirable  to  them  to  enable  them 
to  submit  a  satisfactory  report* 

Colonel  Crompton  had  already  stated  that  in  response  to  preliminary 
inqniries^  replies  favourable  to  the  constitution  of  such  a  Commission 
had  been  received  from  the  Electrical  Societies  of  France,  Hungary, 
the  United  States,  Italy,  Germany,  Denmark,  Sweden,  Norway^  and 
Canada. 

This  step  was  willingly  taken  by  your  Council,  and  arrangements 
were  made  for  communicating  with  the  technical  societies  of  the 
various  countries  and  organising  a  preliminary  meeting  of  delegates 
for  the  purpose  of  constituting  the  proposed  International  Commission. 

The  fact  that  the  Institution  was  welcoming  its  foreign  guests  in  June 
l^ist  made  that  time  a  convenient  one,  and  meetings  of  the  delegates 
^LMcre  held  on  June  26th  and  27th  under  the  chairmanship  of  our 
^^^■1- Presidents  Mr,  Siemens,  who  had  acted  as  President  of  the  Executive 
^^Committce. 
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keen  was  the  interest  in  Ihe  work  :  America,  Austria,  Bdgiuin,  Canada, 
FrancCj  Germany,  Great  Britain,  Holland,  Hungan\  Italy*  Japan, 
Switzerland,  and  Spain  :  while  it  was  stated  that  Denmark,  Norway  and 
Sweden  had  accepted  the  invitatjon,  tnit  that  their  dulcgiites  had  not 
been  appointed. 

The  Chairman  explained  that  the  first  business  of  the  meeting  was 
to  constitute  the  Commishion  hy  adopting  a  set  of  rules.  A  draft  which 
liad  been  provisionally  prepared  and  circulated  previously  to  the 
delegates  was  then  rclerred  to  a  sub-committee  for  detailed  considera- 
tion,  and  at  an  adjourned  meeting  on  June  27th  the  proposals  of  the 
Committee,  after  further  consideration  and  amendment,  were  adopted, 
subject  to  ratification  hy  the  authorities  by  whom  the  delegates  were 
appointed. 

According  to  the  scheme  as  thus  settled,  the  Commission  is  to  he 
known  as  the  International  BlectrotechnicaJ  Commission  for  tbc 
stiindardisatjon  of  nomenclature  and  ratings  of  electrical  apparaiusi 
and  machinery  ;  it  is  formed  for  the  purpose  of  carrying  out  the 
resolution  of  the  Chamber  of  Government  Delegates  at  the  International 
Electrical  Congress  of  St*  Louis  in  September  1904,  which  has  already 
been  qnoted. 

Any  self-governing  country  desiring  to  join  the  Commission  may 
form  a  local  committee.  These  committees  are  to  be  formed  one  for 
each  country,  hy  the  technical  societies  of  each  country.  In  a  country 
having  no  such  technical  societies,  the  Government  may  appoint  a 
committee^ 

Eacli  committee  is  to  send  delegates  to  the  Commission.  Each 
country  is  entitled  to  one  vote  only,  whatever  the  number  of  delegates 
which  it  may  send-  Only  such  decisions  may  be  pnblished  as  those 
of  the  International  Electrolechnical  Commission  which  have  been 
passed  unanimously  by  the  Commission.  All  decisions  passed  by  a 
divided  vote  may  be  published  only  when  the  names  of  the  countries 
voting  for  and  against  are  given. 

The  Central  Offices  of  the  Commission  are  for  the  present  in 
London,  at  the  otifice  of  the  Institution  of  Electrical  Engineers,  The 
methods  of  carrying  out  the  objects  of  the  Commission  arc  in  the 
hands  of  a  Council  consisting  of  {a)  the  lYestdent  of  the  Commission, 
(b)  the  Presidents  of  the  local  committees,  {t}  one  delegate  from  each 
local  committee,  (ti)  the  Honorary  Secretary. 

In  general,  the  business  of  the  Commission  will  be  conducted  by 
correspondence,  but  the  PreMdent  may  summon  a  meeting  of  the 
Council  or  of  the  Commission  when  he  sees  fit.  A  meeting  is  also  to 
be  held  if  three  of  the  local  committees  request  that  this  should  be 
done.  These  meetings  are  to  take  place  in  London,  or  in  such  other 
places  as  Ihe  majority  of  the  Commission  determine.  Each  local 
commitlcc  is  to  U\u\  funds  for  its  own  expenses,  and  to  contribute  an 
equal  share  to  ihe  expenses  of  the  Central  Office. 

A  local  committee  may  fix  its  own  rules  as  it  thinks  fit,  provided 
these  rules  arc  not  incompatible  witti  those  of  the  Commission, 
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At  the  iDceting  on  June  a7thp  Lord  Kelvin  was  appointed  ibc  firiit 
Presold  en  t  of  the  Commistaion^  and  Colonel  CrompLon  the  first  Honorary 
I  ipecretary.* 

In  accordance  with  the  provision  in  the  rules  requiring  that  they 
should  be  ratified  by  the  technical  society  representing  each  country, 
they  were  brought  before  the  Council  of  the  Institution  in  July  last, 
and  tt  was  nnanimously  agreed  that  *"  the  Council  give  its  adherence  to 
the  scheme  as  drawn  up  and  approved  by  the  Commission."  By  this 
means  the  first  British  Local  Committee  was  constituted. i 

The  task  before  the  Commission  is  a  large  one.  Nomenclature 
alone  may  well  occupy  its  attention  for  a  long  period,  and  if  we 
may  judge  by  the  labour  cxptmded  on  the  work  of  the  Electrical 
Committees  of  the  Engineering  Standards  Committee,  progress  in 
dealing  with  the  rating  of  machinery  must  be  but  slow.  And  as  lo 
the  result,  cut  bonof  A  more  detailed  consideration  of  some  of  the 
work  of  the  Engineering  Standards  Committee  will^  I  believe,  afford 
an  answer  to  this  inquiry^  and  will  justify  the  statement  that  the  ad- 
Tantages  to  all  of  a  well  considered  and  judicious  scheme  of  i^tandard- 
isation  are  immense.  As  to  nomenclature  there  can  be  no  doubti  and 
though  the  task  is  a  difhcult  one  it  Is  not,  1  think,  impossible*  As 
to  rating  machinerVj  while  it  must  not  be  forgotten  that  the  conditions 
of  I'arious  countries  differ  widely,  and  that  for  this  reason,  if  for  no 
other*  any  attempt  to  force  on  engineers  and  manufacturers  a  cast- 
iron  specttlcation  with  w  hich  they  must  comply  is  bound  to  failure, 
yet  we  must  recognise  that  these  considerations  were  before  those  who 
started  this  movement.  Let  me  quote  from  Colonel  Crompton's  paper 
as  to  the  extent  to  which  electrical  standardisation  can  usefully  be 
carried.     He  says  i — 

**  I  think  we  must  all  agree  that  electrieiil  standardisation  must 
bear  a  different  meaning  lo  standardis;ition  of  ttic  far  older  and  more 
crystallised  types  of  mactiinery  used  by  mechanical  engineers.  It  is 
highly  undesirable  that  any  types,  patterns^  or  sizes  should  be  stand- 
ardised if  these  are  likely  in  any  way  to  hinder  the  future  development 
of  design  ;  but  all  who  have  looked  into  the  matter  know  how  much 
useful  electrical  standardising  can  be  carried  out  in  such  matters  as  the 
settling  on  correct  nomenclature  and  dcfmitions  of  certain  terms, 
hitherto  used  in  a  somewhat  loose  way  in  text -books  or  in  trade  lists, 
in  setlUng  standard  test  conditions,  in  determining  a  satisfactory 
method  of  measuring  the  rise  of  temperature  in  the  parts  of  electrical 
machinery  that  are  affected  by  temperature  rise.  In  addition  to  this, 
wc  all  feel  that  some  attempt  must  be  made  to  standardise  sizes  in 

*  I  tvwt  th\i  britf  abfttrnct  ^f  the  rules  to  the  kinriiieas  tjf  the  Sc.retar>% 
f  The  foHifwinj^  art-  Uic  menibtirs-— Prcrsident,  ilr.  J.  Gavtj%  C,B.,  Prestdent 
tE,E.  Vict'Prtrsjdcruls,  Sir  W.  H.  Preect%  K  C.  B,  ;  Mr.  Alexaniler  Siemens.  Members, 
Loid  Keh'in,  t*rt4*itlfnt  u(  the  Commissi nn,  L(ird  l^avleigh,  Pr-ift^sor  Catlendar*  Df, 
R.  T.  GJ;titcf>nH(k,  Jir  S.  R  Tlitimpaaii,  Mr.  A.  C.  Kbt^rnll,  Mr.  M.  B.  Field,  CClond 
H.  C  L,  HoWcii,  Mr,  A  P.  Tmtttr,  Mr.  C  H-  Wordingham,  Mr.  G.  H.  Bailli*:,  ^f^.  \\\ 
l>udddl.  Mr,  R.  K.  Gray,  Mr.  C  H.  MeiT.  Mr.  C  P.  Sparks.  Mr.  E.  B.  Vignolcs,  Mr.  R, 
"*iiinefii>fld,  Hon.  TrcaHurer,  l.E.K.,  and  Colonel  Crompton,  Hon.  Sec,  to  llw  Com* 
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order,  if  possible,  to  reduce  the  number  of  pLilterus  that  now  must  be 
kept  by  manufacturers,  and  many  of  which  are  felt  by  them  to  be 
wholly  unnccessaryi  and  which  are  only  demanded  because  some 
manufacturers  have  produced  them  for  special  purposes/' 

Or  again  :  '*  We  \vhh  to  standardise  nomenclature^  frequency, 
voltage,  test  conditions,  and  similar  matters,  and,  if  possible,  to 
standardise  ratings,  so  as  to  minimise,  as  far  as  possible,  the  num- 
ber of  types  which  the  responsible  consumer  or  the  consulting 
engineer  can  order*  By  such  a  standardisation  of  ratings  we  can 
dtminate  the  special  types  which  the  common  sense  of  manufacturers 
and  users  has  decided  are  not  necessary  as  standard  types.  We  do 
this  ill  the  interests  of  manufacturers  as  well  as  of  users,  W^e  do  not 
wish  manufacturers  to  be  burdened  by  an  increased  number  of 
patterns,  which  w*e  believe  are  practically  unnecessary,  and  it  is 
evident  that  by  so  limiting  the  number  of  patterns  wc  facilitate  the 
rapidity  and  economy  of  manufacture.*' 

Contrast  this  with  a  story  told  by  Mr,  C.  F*  Scott  in  the  same 
discussion.  He  said  ;  "As  a  foreign  engineer  expressed  it  to  me,  the 
engineer  in  his  country  was  somewhat  of  an  artist.  He  wanted  to 
build  up  a  new  plant  according  to  his  own  ideas*  If  he  simply  followed 
somebody  else  there  was  nothing  individual  in  his  effort,  any  more  than 
an  artisit  would  deserve  merit  if  he  simply  copied  some  one  elscs 
pictures.  He  w^anted  to  build  up  a  new  system,  and  if  he  could  find  a 
voltage  or  a  frequency  that  was  a  little  better  adapted  to  his  particular 
plan,  according  to  his  opinion,  why  that  was  undoubtedly  the  thing  to 
use*  These  are  quite  different  ideas  to  what  we  have  herCj  and  I  think 
ours  are  well  worthy  of  due  consideration*" 

It  is  this  belief  that  has  led  to  the  establishment  of  the  International 
Commission, 

Returning  now,  however,  to  our  own  country,  let  us  consider  what 
advance  we  have  made  in  this  matter.  Its  dangers  and  its  advan- 
tages are  equally  clear.  Have  we  avoided  the  one  and  utilised  the 
other  ? 

A  most  ml  cresting  book  has  recently  been  published  by  Dn 
Shad  well,  on  *'  Industrial  Efficiency."  In  it  he  examines  in  fullest  detail 
the  conditions  under  w^hich  industries  are  carried  out  in  the  tijree 
leading  industrial  countries,  England,  Germany,  and  the  United 
States ;  and,  to  quote  from  an  article  in  the  Spcchtiorf  "  he  has  made 
the  resultant  book  as  readable  as  a  novel,  and  considerably  more 
interesting  than  the  average  novel,  because  it  is  Uterally  a  transcript 
ol  life/' 

His  general  conclusions  are  not  altogether  in  our  favour.  After 
pointing  out  our  debt  to  the  physical  advantages  consisting  in  the 
adjacent  deposits  of  coal  and  iron  first  developed  in  this  country,  he 
sums  up  the  elTect  of  the  human  element  involved  thus  ; — 

*' The  American  method  of  work  in  the  industrial  sphere  is  dis- 
tinguished b}"  the  foUowing  features:  enterprise,  audacity,  push, 
restlessness,  eagerness  for  novelty,  inventiveness,  emulation,  cupidity, 
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The  manufacturer  aims  at  extending  his  business.  He  takes  up 
novelties,  encourages  inventionj  studies  the  market,  tries  devices  to 
increase  output  and  dimuiish  cost.  Hence,  for  instance,  the  standard^ 
isation  of  products,  the  organisation  of  ttie  workshops,  the  demand 
tor  highly-educated  officers,  and  the  alert  contral  exercised  by  large 
combinations,  ,  ♦  ♦  The  employed  are  eager  to  earn  as  much  as 
possible  and  to  better  themselves.  Both  are  absorbed  In  their  occupa- 
tion and  bend  all  their  energies  to  it/'  .  .  .  "The  industrial  expansion 
of  Germany/'  he  says,  "  presents  another  picture.  It  has  been  achieved 
by  equally  hard  work  ;  but  the  adventurous  audacity  and  restless  search 
for  novelty  of  America  liave  been  replaced  by  steady  and  watchful 
effort.  .  ,  .  Ordered  regulation  is  accepted  and  applied  with  infinite 
pains  by  the  legislative  Government  departments  and  private  cidzens* 
*  ^  ,  So  the  edifice  has  been  built  up  four  square  and  buttressed  about 
00  cither  side.  It  is  a  wonderful  achievement,  in  which  every  unit  has 
played  a  part,  and  I  he  spirit  which  has  brought  it  about  is  the  spirit  of 
duty  and  work/' 

"  England  is  like  a  composite  photograph  in  which  two  likenesses 
are  blurred  into  one.  It  sliows  traces  of  American  enterprise  and  of 
German  order,  but  the  enterprise  is  faded  and  the  order  muddled,  .  .  . 
We  are  a  nation  at  play/* 

Dr.  Shadwell  develops  this  theme  at  considerable  length.  It  must 
be  the  task,  at  anv  rate>  of  the  English  Committee  of  the  Uiicrnational 
Standardisation  Commission  to  remove  this  general  reproach,  which 
may  be  in  some  cases  a  merited  one,  from  the  industry  with  which  we 
are  counectcd,  if  we  cannot  do  more.  And  at  the  same  time  we  must 
remember  that  standardisation  has  its  dangers*  These  are  well 
broyght  out  in  an  article  by  Dr.  Louis  Bell  in  the  September  number 
of  the  Enguicmng  Magazine,  entitled,  "  What  of  America  ?  Do  her 
manufacturing  methods  imperil  her  trade  ? " 

•* Broadly/*  as  Dr.  Bell  points  out,  "competition  is  a  struggle 
of  intelligence,  of  quick  perception  and  adaptability,  of  far-sighted 
appreciation  of  the  world*s  wants.  But  unless  tlie  knowledge  thus 
gained  is  diligently  applied,  it  will  sooner  or  later  fail  in  results.  Just 
at  this  point  lies/'  he  thinks,  '^  the  chief  danger  to  American  industry. 
The  foreign  peril  lies  not  in  foreign  acutciiess,  but  in  the  painstaking 
iiroidance  of  our  mistakes.  Our  real  danger  is  not  from  without  but 
from  within — the  danger  tliat  comes  from  overhaste  and  lack  of 
thoroughness/' 

**  These  things  are  just  as  characteristic  of  American  industry  as 
is  the  marvellous  alertness  that  has  been  its  motive  power.  In  the 
mechanical  arts,  for  instance,  American  methods  and  workmen  produce 
average  results  of  remarkable  excellence.  But  if  one  wants  a  bit  of 
Work  done  with  the  utmost  thoroughness  and  precision,  nineteen  times 
out  of  twenty  he  will  find  that  the  workman  who  has  finished  it  is  a 

el,   or  Swede,  or  Englishman.  .  .  .  The  primal   intent"  of  the 
m  industrial  system  "  is  to  produce  at  the  lowest  possible  cost 
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mental  principle  of  lU  method  is  to  rccJuce  manufaclurL'  to  operations 
by  automatic  machinery,  using  human  labour  only  where  it  cannot  hv 
avoided,  and  constituting  a  manufacturing  plant  as  a  species  of  cnor- 
moiiitly  complicated  machine  tool,  of  which  the  workmen  are  merely 
belts^  wheels,  and  oilcans.  The  only  real  artisans  are  in  the  drawing 
office,  the  pattern  shop,  the  tool  shop,  and  at  the  inspection  benches. 
.  .  ,  Hence,  average  quality  is  determined  not  by  adherence  to  any 
ideals,  but  by  imperfection  of  the  working  mechanism.  It  is  mere 
justice  to  say  that  under  favourable  circumiitances  this  average  may  he 
extremely  high."  And  the  conclusion  drawn  is  of  great  importance  : — 
'*  Standardisatioji,  however  desirable  from  a  pecuniary  standpoint, 
in  the  last  resort  means  the  cessation  of  active  improvement.  In 
relatively  fixed  arts  standard  products  may  hold  their  own  for  many 
years,  as  in  the  Cifise  of  certain  textiles.  In  the  mechanical  arts,  how- 
ever, there  is  constant  change,  by  which  the  world  has  marched 
onwards,  and  even  a  brief  halt  may  mean  falling  out  of  the  ranks," 

Of  recent  years  standardisation  has  advanced  with  us.  Let  us  see 
what  has  been  done  to  put  it  on  a  sound  basis^  to  profit  by  the 
advantages  pointed  out  by  Ur,  Shadwell  on  the  one  hand,  to  avoid  the 
pitfalls  to  which  Dr,  Bell  has  called  attention  on  the  other. 

The  Engineering  Standards  Committee  is  doing  no  small  work,  and 
doing  it  in  a  way  that  is  thorough  and  complete.  As  an  example  of  its 
methods  I  propose  to  consider  in  some  brief  detail  a  recent  report  of 
the  Screw  Threads  and  Limit  Gauges  Sub-CommiUee,  trusting  that  by 
this  course  we  may  discover  how  standardisation  may  be  properly  used 
to  advance  our  national  w^elfare.  The  Commiltee  was  originally  ap- 
pointed to  deal  with  the  interchangeability  of  screw  threads,  but  at  its 
lirsl  meeting  it  appeared  that,  in  order  to  secure  hmit  gauging  for 
screw  threads,  if  such  were  possible,  it  was  necessary  to  collect  addi- 
tional information  regarding  the  limit  gauging  of  cylindrical  surfaces. 

A  first  step  was  to  have  clear  understanding  as  to  the  meaning  of 
terms  employed.  Words  such  as  tolerance,  allowance,  clearance,  and 
the  hke  are  used  somewhat  vaguely  in  practice,  without  very  definite 
meanings,  Ac  cord  i  n  gly  t  he  f  o  J  low  i  ng  d  e  fi  ni  t  i  on  s  we  re  agreed  upon  : — 
ToLERASXE :  A  difference  in  dimensions  prescribed  in  order  to 
tolerate  unavoidable  imperfections  of  workmanship. 

ALLOWAXCii ;  A  difference  in  dimensions  prescribed  in  order  to 
allow  of  various  qualities  of  fit. 

CtKAiaxcK  :  A  difference  in  dimensions  or  in  the  shape  of  the  surface 
prescribed  in  order  that  tw^o  surfaces  or  parts  of  surfaces  may  be  clear 
of  one  another. 

Thus  in  endeavouring  to  institute  a  system  of  limit  gauges  it  was 
desirable  to  determine  for  various  classes  and  siites  of  work  what 
difference  in  dimensions  must  be  permitted  in  order  to  tolerate  imper- 
fections  in  workmanship,  and  what  allowances  must  be  prescribed  in 
order  to  secure  various  classes  of  fit— sliding  fits,  running  fits,  and 
the  tike. 

Various  existing  systems  of  limit  gauges  were  broaght  before  the 
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C^mmitlee,  and  mnch  valuable  mformation  was  put  at  their  disposal  in 
rious  interviews  ^nd  conferences  with  leading  engineers  and  manu- 
faclurerjs ;  but  the  results,  iiuportant  though  they  were,  were  felt  (o  be 
msufticicnt  as  a  basis  for  an  atithorilative  system,  and  it  was  decided^  in 
order  to  complete  the  information  at  the  disposal  of  the  Committee,  to 
invite  the  co-operation  of  the  manufacturers  and  to  measure  up  a  lar^^e 
quantity  of  work  :  the  results  would  show  the  tolerances  and  allowances 
actually  found  in  some  typical  shops.  Eleven  firms  co-operated  in  a 
mos>  cordial  manner,  and  the  results  were  drawn  up  in  a  report^  issued 
by  the  Committee  in  March  last. 

Measurements  on  over  five  hundred  pieces  are  recorded  in  the 
tsibles  which  sum  up  the  work,  and  many  of  these  have  reference  to  a 
shaft  and  the  hole  it  is  intended  to  fit. 

In  such  a  case  the  table  for  the  shaft  gives  in  a  series  of  columns 
the  nominal  dimensions,  the  nature  of  the  work,  ground  or  turned,  the 
nature  of  the  material,  the  length  of  the  part  measured^  the  number  of 
mca-f^urcmentSf  the  amount  of  taper,  if  any,  and  the  amount  of  ellipti- 
city*  The  same  is  repeated  for  the  hole.  Then  come  the  tolerances 
as  permitted  to  the  workman^  and  the  error  in  workmanship  actually 
measured.  These  are  followed  by  the  allowances  prescribed  by  Ihe 
drawings  and  the  difference  in  diameter  between  shaft  and  hole  as 
aciualty  measured,. 

The  results  are  summed  up  in  a  number  of  diagrams,  and,  by  the 
permission  of  the  Committee,  I  am  able  to  reproduce  one  or  two  of 
these,  which  may  be  of  special  interest  to  t lie  Institution. 

Fig,  I  shows  the  errors  in  workmanship  in  the  shafts  and  holes  for 
high-speed  engines  and  dynamos. 

In  the  Report  itself  numbers  at  the  head  of  the  columns  give  the 
numbers  of  the  specimens  ;  thus  details  of  the  various  specimens  can 
be  obtained  from  the  tabics.  The  ordinates  give  in  thousandths  of  an 
inch  Ihe  error  of  the  piece  from  its  nominal  si^e.  Each  mean  result  is 
marked  by  a  dot  or  circle,  and  a  short  vertical  line  through  any  circle 
indicates  the  range  of  error  found  in  the  various  measurements  on  that 
piece.  The  actual  measured  si^e  is  not  given  exactly^  but  the  numbers  at 
the  bottom  of  Ihe  diagram  indicate  in  inches  these  sizes  approximately. 
The  dotted  lines  running  nearly  horizontally  across  the  diagram 
give  values  of  ihe  tolerance  for  the  corresponding  siates  of  the  work 
which  had  heen  suggested  to  the  Committee  by  one  of  its  members,  and 
which  were  ultimately  practically  adopted. 

It  will  be  noticed  that  with  some  few  exceptions  the  tolerances 
measured  lie  within  these  limits,  and,  indeed,  in  the  cases  in  which 
the  limits  were  exceeded  the  nature  of  the  work  often  afforded  the 
reason  for  the  excess.  Some  of  the  specimens  with  a  large  negative 
allowance  were  crank  shafts  of  a  large  size,  where  a  specially  easy  lit 
was  required,  while  others,  in  which  the  allowance  is  positive,  were 
crank  pins. 

•  '^Rtporl  on   Errors   in   Workman  ship."  Engineering  Standards  CtjinntHtee's 
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In  this  case  a  large  percentage  of  the  cases  measured  came  within 
|he  suggested  tolerances,  while  the  average  error  found  for  the  shafts 
^a.s  o'ooij  inch  and  for  the  holes  0*00  lo  inch.  The  next  shde  (Fig.  2) 
Ishows  the  stmilar  results  for  small  tools,  and  in  this  class  a  very  high 
Ide^rce  of  accuracy  is  reached.  In  two  specimens  there  is  a  large  acci- 
dental error.  Even  including  these  a  very  large  number  fall  within 
the  limits  suggested  ;  the  average  error  is  only  o"oci05  inch.  Of  course 
in  other  classes  of  workj  such  as  locomotives,  gas  engines,  and  large 
Itools,  the  errors  exceeded  the  above^  but  it  is  clear,  I  think,  that  the 
|!%ork  was  of  a  very  high  order  of  accuracy,  while  at  the  same  time  it 
was  average  representaUve  work,  for  it  was  selected  by  Mr*  Attwell, 
I  to  whom  the  measurements  arc  due,  from  such  work  as  happened 
l;to  be  passing  through  the  shops  at  the  time  of  his  visit  in  each  case. 
With  this  mass  of  information  before  them  the  Committee  were  in 

a  position  to  standardise  limits  of  workmanship,  wuth  the  full  confidence 
I  that  the  limits  suggested  would  be  practicable^  being,  in  fact,  those 

which  are  actually  being  worked  to  in  our  leading  shops. 

Their  conclusions  are  given  in  a  further  Report  on  '^  British  Standard 

Systems  for  Limit  Gauges  (Running  P"its),"=^  being  suiilnned  up  in  a 

number    of    tables    and    in    a    diagram j   which  is    here  reproduced 

In  deahiig  with  the  question  of  the  allowance  to  be  prescribed  for  a 
running  tit  bt^wcen  a  shaft  and  a  liok%  it  was  necessary  to  determine 
uhelher  the  allowance  should  be  made  on  the  shaft  or  on  the  hole. 
After  much  discussion,  the  Committee  recommeudcd  that  the  shaft 
ihotild  h<i  the  element  more  nearly  approaching  the  tme  dimensions, 
ind  allowance  be  made  on  the  hole  according  to  the  class  of  fit 
Rtjuired.  The  tolerances  on  the  shaft  are  negative,  in  order  that  it 
Ruy  never  exceed  its  true  dimensions.  A  minimum  allowance  is 
ipecLfied  between  the  two  elements,  and  this  cannot  be  encroached 
upon  by  either  element.  Above  this  allowance  a  positive  tolerance  is 
kid  down  for  the  bole. 

Tlie  Committee  recognised  a  first,  second,  and  third  quality  of  work, 
while  for  the  smaller  sires  they  standardised  also  an  extra  fine  quality 
with  very  small  tolerances  and  allowances.  Moreover,  lliey  recom- 
I  mended,  with  a  view  to  reducing  the  number  of  gauges  required,  that 
the  maximum  diameter  of  the  hole  for  first  quality  work  should  be  the 
tninimuni  diameter  for  second  quality,  and  so  on. 

Thus,  for  the  shaft,  the  maximum  diameter  is  always  the  same  as  the 
iKJminaJ  diameter ;  the  minimum  diameter  is  given  for  the  three  classes 
hy  the  three  curves  below  the  zero  line,  while  corresponding  curves 
tbo\T  the  zero  Une  give  the  dimensions  for  the  corresponding  holes. 

U  is,  of  course,  too  soon  to  say  how  far  this  system  is  likely  to 
establish  itself.  It  is  gratifying  to  learn  from  the  Secretary  of  the 
Committee  that  there  is  already  a  large  demand  for  the  Report,  and  it 
should  also  be  remembered  that  as,  by  the  constitution  of  the  Com- 
mittec,  the  reports  come  up  for  consideration  from  year  to  year,  tkic 
•  En^mtering  StAnd4irds  Commitlee,  Report  Ko.  37, 
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chance  of  inflicting  permanent  injury  by  v\ant  of  flexibility  is  greatly 
reduced. 

The  general  interest  of  our  Institution  in  engineering  work  must  be 
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^|S^  €ncuse  for  occupying  so  much  of   the  time  with  a  question  of 
^^Bciianical  engi(»eering  and  workmanship.     Let  me  turn  now  to  the 


iiUUQ 


m 


GLA2EBK00K:  INAUGURAL  ADDRESS,         [Nov.  eth, 


Standards  Committee.  There  are  a  number  of  such ;  it  is^  perhaps, 
sufficient  to  mention  the  names  of  some  of  the  Chairmen  to  show  how 
closely  they  are  Unked  to  our  Institution*  Among  these  we  find  our 
Past' Pre  si  dents— Sir  Wm.  PreecCt  Colonel  Crompton,  Mr.  Gray,  Mr, 
Siemensi  and  Mr,  Gavey.  The  range  of  subjects  covered  by  these  Com- 
mittees is  enormous,  and  this  is  the  rea^^on  why  the  work  lasts  so  lon^. 

Some  reports^  however,  are  published,  and  the  method  of  work  in 
all  cases  has  beun  the  same  :  discussions  at  Committee  meetings,  com- 
munication by  writing  with  manufacturers  and  others  interested, 
conferences  in  London  with  the  trade^  experimental  work  where  that 
seemed  necessary  to  elucidate  the  question,  and  finally  a  draft  report, 
usually  circulated  before  its  final  issue  to  the  representatives  of  the 
manufacturers  and  others  interested.  Some  of  the  experimental  work 
initiated  in  order  to  reply  to  questions  raised  by  the  work  of  tbe 
Committee  has  already  been  before  you  in  Mr.  Rayner  s  paper  on 
"Insulation  Materials*';  arrangements  are  being  made  for  continuing 
and  extending  part  of  that  work  to  higher  voltages  and  to  other 
materials,  for  investigating,  in  particular,  the  ageing  effect  of  long- 
continued  electric  stress^  and  for  examining  the  consequences  of 
dielectric  hysteresis. 

Another  report  which  I  hope  will  be  ready  immediately  is  one  on 
"  Carbon  Incandescent  Lamps,'*  and  I  trust  it  may  be  possible  to  bring 
before  your  notice  during  the  present  session  a  very  large  amount  of 
work  which  has  been  carried  out  for  the  purposes  of  the  report* 

Still  there  remains  much  to  be  done*  Many  of  the  questions  touched 
on  by  the  Sectional  Committee  on  Electrical  Plant  or  by  the  Sub- 
Committee  on  Motors,  Generators,  and  Transformers  are  somewhat 
difficult,  and  it  is  only  by  the  mutual  forbearance  of  conflicting  interests 
and  by  the  cordial  endeavours  of  all  to  find  a  reasonable  solution  that 
advance  can  be  made.  Yet  for  all  this  we  have  advanced.  Standard- 
isation has  been  placed  on  a  sound  basis,  and  the  work  has  shown 
that  its  importance  is  thoroughly  appreciated  by  leading  English 
manufacturers. 

As  to  the  actual  use  which  is  being  made  of  the  specifications,  it  is 
not  easy  to  get  very  exact  information*  The  Secretary  of  the  Com- 
mittee, however,  tells  me  that,  in  regard  to  ship  and  boiler  specifications, 
he  is  informed  that  the  three  Registry  Societies  controlling  the  shipping 
world,  ylz.y  Lloyd^s  Registry,  the  British  Corporation,  and  the  Bureau 
VeritaSj  have  adopted  theraj  while  he  believes  that  the  Government 
Departments  are  also  using  them. 

In  regard  to  rails,  the  members  of  the  Railway  Engineers'  Associa* 
tion  are  adopting  the  standards  laid  down  by  the  Committee  as  and 
when  opportunity  to  do  so  occurs*  The  tramway  rails  have  also  been 
very  largely  adopted.  The  chairman  of  the  Tramway  Rails  Sub-Com- 
mittee writes  :  '*  With  but  few  exceptions  every  new  tramway  system  in 
this  country,  as  w^ell  as  a  number  of  Colonial  systems  under  const  rue- 
tion  during  the  past  year^  have  been,  or  arc  being,  provided  with 
these  standard  rails.    Among  these  systems  are  Aston  Manor,  Belfast, 
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Barking,  Burton  and  Ash  by,  Chesterfield,  Colchester^  Dart  ford,  Derby, 
Erith^  Ilford,  Keighleyj  King's  Norton,  Lincoln,  Lowcsioft,  Middlesex 
County  Coyncil,  Northamptonj  Rochester,  Sout!i  Shields,  Swindon, 
Wallhamstow,  and  Wellington  (New  Ze;iland),  whiJe  upon  other 
systems  already  partly  constructed  the  raits  first  adoptud  have  given 
place  to  British  Standard  Sections  in  London,  Birmingham,  Leeds, 
Chatham,  Croydou^  and  Newport* 

Rolling  mills  for  constructional  steel  work  are  largely  adopting  the 
specifications  of  the  Committee,  Sir  John  Wolfe  Barry,  Chairman  of 
the  Committee,  in  his  interesting  paper  read  before  the  British  Asso- 
cialioti  at  York,  stated  that  orders  have  already  been  received  for 
nearly  100,000  tons  of  these  standard  rails,  while  it  is  estimated  that 
the  saving  to  British  manufaettirers  by  the  standardisation  of  iron  and 
steel  sections  alone  will  amount  to  some  millions  sterling  ;  and  in  illus- 
tration be  quoted  the  striking  teslimony  of  a  large  steel  maker  in 
Scotland,  who  stated  that  since  the  introduction  of  standard  si^ses  his 
finii  has  been  able  to  break  up  some  hundreds  of  tons  of  rolls,  and 
atso  that  by  no  means  the  least  advantage  gained  is  that  in  his  %vorks 
the  process  of  manufacture  is  no  longer  interrupted,  as  it  used  to  be,  by 
the  frequent  changing  of  the  rolls  to  produce  in  smaller  quantities  the 
niany  special  sizes  asked  for  without  any  corresponding  advantage 
lo  the  consumer. 

Enough  perhaps  has  been  said  to  show  that  standardisation,  based 
on  rational  principles,  is  now  open  to  the  British  engineering  industry, 
and  io  concluding  this  pai't  of  my  subject  I  should  liitc  again  to 
emphasise  the  fact  that,  while  there  is  no  compulsion  to  adopt  these 
BriUsh  Standard  specifications,  they  have  In  all  cases  been  worked  out 
by  competent  men  on  a  practical  basis,  and  that  the  general  advantages 
to  the  community  which  will  follow  from  their  adoption  will  almost 
alwa3^s  outweigh  the  private  benefit  which  in  some  special  case  might 
accrue  from  some  trivial  but  tiresome  variation.  Slandardisation  is  a 
large  subject.  You,  genllemen,  know  its  magnittide  and  its  importance 
far  better  than  I  ;  hut  I  feel  strongly  that  a  due  appreciation  of  the 
advantages  which  staadardisation  can  offer,  and  a  readiness  to  apply 
a  standard  system  in  the  large  number  of  cases  in  which  it  is  applicable, 
niay  do  much  for  English  industry  in  its  endeavours  to  retain  that 
premier  position  which  has  belonged  to  it  hitherto. 

Sir  William  Preeci-:,   K.C.B.  (Past-President):    Gentlemen,  it  is 

my  pleasure  to  propose,  '*  That   the  best  thanks  of  the  Institution  be 

Jed   to  Dr.  R  1\  Glaze  brook  for  his  interesting  and  instructive 

idential  Address, and  that,  with  his  permission, the  address  be  printed 
in  the  Joitrnai  of  the  Proceedings  of  the  Institution/'  1  have  had  free 
access  to  this  room  for  forty-seven  years.  In  1859  I  joined  the  Institu- 
tioD  of  Civil  Engineers  as  an  Associate  Member,  and  I  think,  during 
tbosc  forty-seven  years,  I  have  heard,  perhaps,  forty-five  Presidential 
Addresses.  I  was  also  one  of  the  original  members  %vho  constituted 
the  in^itution  of  Telegraphic  Engineers  in  the  year  1871,  thirtyfivc 


sir  WiUltra 


GLAZEBROOR:   INAUGURAL  ADDRESS.        [Nov.  8th, 


Sir  Wim;Lm 
Preece. 


ompton. 


years  ago,  and  at  both  of  those  two  institutionii  I  have  myself  given 
more  than  one  Address.  I  am  bound  to  confess  that  I  never  listened 
to  my  own  Addresses  without  vexation  ;  but  of  all  the  Addresses  I  have 
heard  connected  with  these  two  Institutions  in  this  room  I  am  bound 
to  say  I  have  not  heard  one  that  has  given  me  greater  pleasure  than 
the  Address  that  has  been  given  to  us  by  Dr,  Glajse brook  to-night.  I 
do  not  know  how  long  it  is  since  Dr.  Glaze  brook  took  up  his  position 
as  Secretary  of  the  Committee  of  Standards  attached  to  the  British 
Association  ;  T  think  he  was  Secretary^  when  I  was  appointed  to  it  in 
the  year  1878.  From  that  period  Dr,  Glazebrook  and  I  have  worked 
h:nid  and  glove  in  carr>'ing  out  the  work  of  the  Committee,  I  am 
delighted  to  think  that,  after  a  life  spent  in  endeavouring  to  introduce 
exact  measurement^  the  motto  of  his  Address,  I  have  been  allowed  to 
remain  long  enough  to  hear  such  an  Address  read.  I  never  did  feel 
more  inclined  to  be  humorous,  if  I  could,  than  to-night,  except  for  this, 
that  I  should  be  sorry  to  deprive  this  Address  of  the  effect  of  its  deep 
inw^ardness  on  those  who  take  it  tip  and  read  it  with  that  earnestness 
that  you  all  possess.  At  one  time  I  felt  some  qualms  of  conscience  at 
assisting  the  members  of  the  purely  scientific  world  to  come  amongst  us 
engineers,  but  I  am  bound  to  say  that  things  have  changed  very  much 
within  my  experience!  and  now  we  welcome  with  all  our  hearts  the 
assistance  of  those  scientific  men  who  can  bring  their  physics  to  bear 
upon  the  practical  processes  and  tools  of  our  profession*  Gentlemen, 
I  have  very  great  pleasure  in  moving  the  vote  of  thanks  to  Dr. 
Gla/ebrook. 

Lteut.-Colonel  R  E.  B.  Cromptox,  C.B.  (Past  President)  :  I  rise  to 
second  Sir  Wilham  Preece's  proposition^  which  I  heartily  agree  with, 
I  have  listened  on  three  consecutive  days  to  three  consecutive  Presi- 
dential Addresses,  b lit  as  immediately  on  my  left  I  ^ee  the  President 
of  the  Institution  of  Civil  Engineers,  who  delivered  one  of  those 
Addresses,  1  will  only  stale  that  tt  is  extraordinary  to  find  that  our  new 
President  should  have  in  the  short  space  of  two  days  been  able  to  take 
advantage  of  the  important  suggestions  and  advice  made  by  Sir 
Alexander  Kennedy,  by  giving  us  the  instructive  and  practical  address 
that  we  have  listened  to  this  evening*  I  therefore  beg  to  second  this 
proposition  in  the  most  heartfelt  manner. 

The  resolution  was  put  to  the  meeting  and  carried  by  acclamation. 
The  PRESIDHNT  (Dr.  Gla^ubrook) :  Sir  William  Preece,  Colonel 
Crompton,  and  gentlemen,  allow  me  to  thank  you  very  cordially  for 
the  way  in  which  you  have  listened  to  my  Address,  and  for  the  manner 
in  whicli  yi»u  have  received  the  proposal  of  thanks  which  Sir  William 
Preece  has  put  before  you.  1  would  again  say  it  has  been  a  great 
pleasure  to  me  to  prepare  the  Address  and  give  it  here,  and  I  trust 
I  may  be  able,  during  my  year  of  oflticej  to  promote  still  further  the 
great  advantages  that  I  am  clear  will  arise  from  a  well  thought  out 
and  proper  scheme  of  standardisation. 
The  meeting  adjourned  at  y.25  p,m. 
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Proceedings  of  the  Four  Hundred  and  Forty-Fifth 
Ordinary  General  Meeting  of  the  Institution  of 
Electrical  Engineers,  held  in  the  Rooms  of  the 
Institution  of  Civil  Engineers,  Great  George 
Street,  Westminster,  on  Thursday  evening, 
November  22,  1906 — ^Dn  R.  1\  Glazebkook, 
F.R.S.,   President,  in  the  chain 

Tht"  minutes  of  the  Ordinary  General  Meeting  held  on  Novembt:r  8, 
1906,  were  taken  as  read  and  cotihnned. 

Tba  list  of  candidates  for  election  into  the  Instittition  was  taken 
^  read,  and  it  was  ordered  that  it  should  be  suspended  in  the  Library* 

The    following  list  of    transfers  was  published  as  having   been 
approved  by  the  Council : — 

TRANSPERS. 

From  the  class  of  Associate  Members  to  that  of  Members : — 
Edgar  Walforci  Marchant, 

From  the  class  of  Associates  to  that  of  Associate  Members :— 


Sidney  H.  Bar  ben 
Kdgar  Loam. 


Harry  Henderson* 

Frederick  J.  Lowe. 


Frrim  the  class  of  Students  lo  thai  of  Associate  Members  :~ 
Ham  I]  el  Utting.  |      Francis  E*  Wilkinson, 


Messrs.  L*  T.  Healy  and  F.  Poo  ley  were  appointed  scrutineers  of 
ttic  ballot  for  the  election  of  new  members,  and,  at  the  end  of  the 
meeting,  the  following  were  declared  to  have  been  duty  elected  \ — 


DONATIONS  TO  LiBRAliY. 


[Nov.  2Snd^ 


Sidney  Aitkcn. 
Lewis  Biirbcr. 
Horace  Cart  Beken, 
Lionel  M.  Boddam-Whetham* 
Leomird  Bertfcim  Bollard. 
Alfonso  Castello-Sosa* 
John  Edward  Catt, 
Thomah  Harold  Edw-ards, 


Clarence  Hollander. 
Ar no  Cki  re  n  ce  H  usk  i  nson , 
Alexander  Kinnes^  B,Sc, 
Frederic  Auber  Menzies, 
Thomas  David  Morgan, 
George  Frederick  0*Dell» 
Alec.  Stewart  Pattrson. 
John  J.  Richardson. 


ELECTIONS.                                                            ^^1 

As  Associate  Members.                                   ^^M 

John  Edward  Allen, 

Edwin  Fol/ord. 

Henry  Sidney  Barker, 

Edgar  Darnell  Illingworth. 

Randall  Birch  Canning. 

David  Cunningham  McIUeron. 

N  igel  H  e  nry  C  oh  e  n  * 

James  Mackersie. 

Robert  Dudley  Coullhard. 

Arthur  Harold  Pashby. 

Bertte  Croft. 

Archibald   James   Grant   Simp- 

Ernest Danitrls. 

son, 

Ernest  William  Dean- 

The  mas       Regi  nald       Her  bcrt 

Harry  Dixon. 

Tetley.                                            i 

Gottlieb  Wiithrich.                                               J 

As  students.                                            ^H 

Ernest  FVancis  Turton. 

Donations  to  the  Library  were  announced  as  having  been  received 
since  the  imnual  general  meeting  on  May  24th  from  Messrs. 
Alabaster,  Gatehouse  &  Co*,  Ltd.,  B.  J.  Arnold,  E,  Anthony.  Prof, 
W.  E.  Ayrton,  C.  Barnes,  R,  Jiaiich,  \\\  W.  Beaumont,  A.  H.  Bennett 
E,  Bennis  &  Co.,  Ltd.,  Bigg^i  &  Sons,  M.  Bonghi,  The  Brush  Electrical 
Engineering  Co.^  Ltd,,  The  Cambridge  Scientific  Instrument  Co.,  Ltd., 
The  Central  South  African  Rjulways,  W.  C.  Clinton,  S.  Cowper-Coks, 

E.  H,  Crappcr,  Prof.  F.  B.  Crocker  and  S.  S>  Wheeler,  W.  Crudeli,  P. 
Dawson,  E.  C.  de  Segundo,  Dick,  Kerr  &  Co.,  Ltd.,  D.  Dorda,  J.  E. 
Dowson  and  A.  T<  Larter,  M.  T.  Edelmann,  The  "  Electrical  Time^,*' 
The  Electrician  Publishing  Co.,  The  Elektrotechnische  Verein,  The 
Engineering  Standards  Committee,   Executors  of  the  late  Maj,-Gen. 

F.  C,  Cotton,  a  Fiiuj,  Prof,  |.  A.  Fleming,  A.  L,  Foley,  V.  A.  Fynu, 
The  Grifftths-Bedell  Surface  Contact  Co,,  Ltd,,  Gauthi'er  ViUars,  W. 
Gcipel,  Gent  &  Co>,  C.  C.  Garrard,  H.  Hammond,  A.  Hartleben,  A. 
Hay,  Hirschlield  Bros,,  Ltd.,  H,M.  Patent  Ofiice  Library,  W.  R.  P, 
Hobbs,  The  Institute  of  Chemistry,  The  Indian  Telegraph  Depart- 
ment, W,  Jaeger  and  H.  von  Steinwehr,  W*  H.  N.  James  and  D.  L. 
Sands,  ProL  G,  Kapp,  M.  Kohl,  LawTcnce  Scott  &  Co.,  Ltd.,  The  Liver- 
pool Corporation  Tramways,  L.  Lombardi,  Macmillan  &  Co,,  Ltd,,  G, 
Marconi,  A-  W.  Marshall,  T.  C.  Martin,  Maschinenfabrik  Oerljkon, 
F.  J.  Moffett,  The  National  Physical  Laboratory,  C.  E,  S,  Phillips, 
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Physikalisch-Tccbntsche  Reich  sanstalt,  G.  QuinckCp  F*  C  Raphael, 
lienttU  &  Co*,  Ltd.,  E.  B*  Rosa,  The  Royal  Observatory,  Greenwich, 
Thu  Royal  Society*  J»  C.  Siiger^  Sir  David  Salomon s,  Bart*,  E.  Scott  & 
Mountain,  Ltd,,  J.  N*  Slioolbred,  Sremens  Bros.  &  Co*,  Ltd*,  Prof,  A» 
Slaby,  K.  Sosnowski,  E.  &  F,  N.  Spon,  Ltd.,  A.  Still,  J*  Swinburne,  F. 
Tiiody,  J.  Tbin,  ProL  S.  P.  Thompson,  Prof.  E.  Thomson,  Sir  Charles 
Todd,  A.  P.  Trotter,  W.  C,  Uruvin,  The  Verband  Deutiicher  Elcktr<>- 
fccchnikcr,  The  Wagner  Electric  Manufacturing  Co.,  L,  H,  Walter,  E* 
Warburg  and  G.  Leithiiuser,  Whittaker  &  Co.,  F.  W,  Wilcox ;  to  the 
Buttdiitg  Fund  from  Prof,  Epstein,  W,  von  Siemens,  A.  H.  Unwin, 
F*  H,  Webb,  H*  Wragg  \  and  to  the  Benevolent  Fund  from  S.  E, 
Britton,  A.  F,  R.  Curteis,  H.  M.  Middleton,  T.  H.  Minshall,  S.  Patcrson, 
E,  H*  Rayncr,  H.  S.  Russell,  C,  H.  Shanan,  C.  P,  Sparks,  R  H.  Webb, 
to  all  of  whom  die  thanks  of  the  meeting  were  unanimously  accorded* 

The  folio vi'ing  paper  was  read  and  discussed,  and  the   meeting 
adjourned  at  9*45  p.m. 
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TESTING   OF   ELECTRIC   MACHINERY  AND  OF 
MATERIALS   FOR    ITS   CONSTRUCTION, 

By  Professor  J.  E EPSTEIN  (Frankfort),  Foreign  Member. 

{Paper  r€ad  Ni^^mhcr  22^  1906,) 

It  will  readily  be  conceded  that  the  selection  and  testing  of  all 
materials  necessary  for  the  construction  of  electric  plant  and  machinery 
as  well  as  the  testing  of  the  complete  machine  or  apparatus  before 
putting  into  regular  service  is  of  the  utmost  importance,  both  to  the 
user  and  manufacturer- 

As  a  rule  the  purchaser  of  the  machinery  is  only  able  to  carry 
out  tests  with  the  finished  article,  while  Ihe  manufacturer^  on,  the 
other  liandj  is  not  only  in  a  position  to  test  it  step  by  step  during  its 
conslmction,  but  also  to  exercise  control  over  the  quality  of  materials 
used,  either  accepting  or  rejecting  them  according  to  their  suitability 
or  ot  tier  wise  for  Ihe  purpose  in  view.  The  latter  is  therefore  well 
able  to  guarantee  that  the  machine  when  complete  will  fultil  the 
specified  roquirumcnts* 

In  the  first  place  the  selection  of  material  requires  the  exercise  of 
the  greatest  judgment  on  the  part  of  the  manufacturer.  It  is  not 
always  tlie  most  expensive  qualities  which  will  best  answer  his  purpose, 
as  it  may  happen  that  these  are  unsuitable  for  the  special  work  in  vieWj 
especially  when  one  reflects  that  the  supplier  of  the  material  for  the 
construction  of  electric  machinery  is  usually  ignorant  of  the  working 
conditions  aud  of  the  particular  stresses  to  which  it  will  afterwards  be 
subjected,  these  being  generally  known  to  the  user  only, 
^^^  The   material   which   plays   the  most  important    part  in    the  con- 

^^H  struction  of  electrical  machinery  is  copper,  which  must  be  used  in  its 
^^^         purest  state  in  order  to  obtain  a  good  conductivity*     Provided  there- 

■  fore  that  copper  possesses  the  requisite  conduct! vily,  its  suitability  for 
^^^         electrical  purposes  is  assured. 

^^y  In  measuring   the  resistance  of  copper   the  temperature  of  the 

■  sample  to  be  tested  mu^t  first  be  allow^ed  to  assimilate  itself  to  that 
B^  of  the  laboratory,  and  no  readings  should  be  taken  until  the  sample 
Hb  has  acquired  the  temperature  of  its  surroundings. 

^^K  The  cross  section  of  round  wire  is  generally  obtained  by  means  of 

^^H  a  micrometer.     In  cases  where  the  diameter  is  very  small,  weighing 

^^H  may   be   resorted   to»     With   wire   of  a  section  other  than  circularj 

^^H  allowance  must  be  made  for  the  rounded  edges.     From  a  large  number 

^^H  of  readings  taken  in  the  author's  laboratory  it  was  found  that  for  the 
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usual  si^tes  of  copper  strip  the  cross  section  may  be  taken  ^^  equal  to 
(h  —  o'35)  X  b,  where  fi  and  h  represent  the  greater  and  smaller  axes  of 
Ibc  strip  in  militmetres, 

It  has  been  proposed  to  specify  only  the  resistance  per  metre^  and^ 
If  the  specific  resistance  proved  to  be  iibove  oornial,  to  allow  the  con- 
tractor to  compensate  for  this  by  increasing  the  cross  section  of  the 
material  under  consideration.  Such  an  arrangement  might  answer 
in  the  case  of  cables,  where  the  price  is  fixed  by  the  length,  but  it 
cannot  be  adopted  in  the  case  of  machinery  for  the  reason  that 
plain  copper  is  usually  bought  by  weight,  consequently  the  worse 
the  quaUty  of  the  copper  the  more  costly  it  would  be  for  a  given 
lengths  Moreover,  the  greatest  accuracy  of  gauge  is  required  in 
building  a  slot- wound  armature  and  in  the  construction  of  field  coils. 
Depth  and  width  of  the  slot  are  calculated  to  a  tenth  of  a  millimetre^ 
and  any  irregularities  in  the  dimensions  of  the  copper  strips  and 
insulation  would  make  it  impossible  to  fit  ihem  in  the  slots  as  intended. 
The  speed  of  shunt- wound  motors  also  depends  upon  the  diameter  of 
the  wire  on  the  magnet  poles.  It  is,  therefore,  absolutely  essential 
that  there  should  be  no  appreciable  variation  in  the  dimensions  of 
the  w^ire. 

Fig-  I  represents  the  results  which  have  been  compiled  from  tests 
carried  out  in  the  Feltcn  &  Guilleaunie  laboratory,  and  it  shows  the 
percentage  of  deviation  of  the  diameter  of  the  wire  from  that  specified 
by  the  makers.  It  will  be  observed  that  the  sample  indicated  by  O  is 
in  general  more  reliable  in  this  respect  than  the  sample  indicated  by  •- 

The  conduclivity  of  copper  being  dependent  on  its  purity,  and  the 
manufacture  of  pure  copper  having  long  been  practicable,  it  follows 
that  no  great  improvement  in  high  conductivity  draw^n  copper  is 
to  be  anticipated  in  the  future.  Therefore,  although  copper  wire 
and  bars  are  the  most  important  materials  in  dynamo  construction,  the 
determination  of  their  qualities  presents  little  difficulty  in  the  laboratory, 
as  but  few  tests  are  required  for  this  purpose. 

The  specific  conductivity  of  cast  copper  may,  on  the  other  hand, 
vsry  from  about  40  per  cent*  to  85  per  cent,  in  the  Matthtessen  scale. 
When  a  young  laboratory  assistant  finds  the  conductivity  of  a  piece 
of  cast  copper  to  be  85  per  cent,  he  would  be  likely  to  consider  it 
excellent,  but  if  the  experienced  workman  detects  porosity  he  will 
rightly  pronounce  it  bad;  in  such  a  case,  as  in  many  others,  one  is 
apt  to  be  misled  by  a  purely  physical  test  made  in  the  laboratory. 

Resistance  materials,  fike  German  silver;  manganin,  etc.,  show  even 
greater  variations  than  copper,  the  specific  resistances  varying  from 
o>'5  to  o'S  unit.  Whether  a  higher  or  lower  specific  resistance  is  more 
suitable  for  the  work  is  a  matter  of  calculation.  When  the  resistance 
has  been  decided  upon,  special  tests  and  experiments  are  needed  to 
discover  what  alloy  will  give  the  best  results  as  regards  stiffness, 
clasl icily,  ageing,  etc.  The  proper  function  of  the  laboratory  is  to 
ascertain  if  the  dimensions  arid  spepfig  resistance  are  in  accordance 
mth  the  specification. 
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^^^K              The  variation  in  the  specific  resistance  above  or  below  normal  can 
^^H         be  compensated  for  by  increasinfj  proportionally  the  weight  of   thu 
^^H         mater iat,  that  is,  witli  a  less  than  normal  specific  resistance  the  length 
^^H         mu^t  be  increa«>cd^  while  with  a  higher  than  normal  specific  resistance 
^^H         the  cross  section  must  be  increased*     In  reality  the  ri^k  is  less  with  ^ 
^^H         specihc  resistance  above  the  normal,  since,  in  the  mcijority  of  cases, 
^^H         rheostats  are  provided  which  must  be  capable  of  regulation  down  to 
^^H         zero,  hence  the  higher  specific  resistance  wiU  not  aEect  the  regulation. 
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Fig.  I.— Percentage  Deviation  of  Wtre  from  Specified  Diameten 

only  very  rarely  necessary  to  take  into  comiideration  the  possibility 
I  overbad  beyond  the  limit  of  thermal  capacity. 
n  contrast  with  copper,  where  the  purest  is  the  best,  the  quality  of 
is  by  no  means  always  depreciated  by  the  ijitroduction  of  foreign 
cnts.  On  the  contrary  there  is  great  scope  for  improvement  by  intro^ 
ig  other  substances,  such  as  carbon,  siJicoti,  aluminium,  etc.   There 
other  point  whicti  makes  the  question  of  iron  more  complex  than 
of  copper  ;  with  copper  we  are  interested  only  in  its  conductivity, 
eas  in   the   case  of   iron  there  are  three  magnetic  and  electric 

J 
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qualities  of  importance,  namely,  magnetic  permeability,  magnetic 
ihysteresis^,  and  electrical  conductivity. 

I  As  long  as  the  magnetic  flnx  is  constant,  permeability  alone  is  of 
importance.  Although  there  arc  some  kinds  of  cast  iron  or  cast  steel 
which  are  practically  uon-nia^nelic,  one  can  as  a  rule  obtain  iiom  every 
Igood  foundry  cast  iron  suitable  for  electric  machines.  The  higher 
|thc  permeability  and  the  higher  the  point  of  saturation,  the  better  of 
jcourse  the  iron.     In  designing  a  machine  for  a  given  flux,  both  iron 

end  copper  will  be  saved  and  efficiency  wiil  be  gained  by  using  an  iron 
f  good  permeability  and  having  a  high  degree  of  saturation.  If,  how- 
lever,  after  construction  the  iron  proves  superior  in  these  respects  than 
rwas  expected,  it  will  be  too  late  to  take  advantage  of  this,  as  the  structural 

Eetails  of  the  machine  will  have  been  settled*  The  speed  of  motors  wdl 
e  less  than  the  required  speed,  which  will  have  to  be  compensated 
lor  by  introducing  an  additional  resistance,  while  with  dynamos  il: 
mil  be  necessary  to  vary  tlie  field  resistance.  Therefore,  to  wse  iron 
of  belter  magnetic  quality  than  one  ordinarily  expects  only  leads  to 
iroublc  and  expense, 

I  To  a  certain  extent  the  quality  of  the  delivered  material  wiU 
bccessarily  vary,  and  accordingly  we  must  calculate  the  anipere- 
liurns  for  the  worst  quality  expected j  and  make  allowance  by 
SOnslrncting  the  variable  field  resistance  for  the  best  quality.  What 
s  therefore  required  and  appreciated  is  an  iron  of  high  constant 
luality. 

Fig.  2  shows  the  magnetisation  curve  for  a  good  and  for  a  bad 

Quality  of  cast  iron,  and  the  same  for  special  cast  steel,  as  observed  in 

Bic  author's  laboratory  amoiig  the  samples  received  for  regular  test* 

The  difference  between  the  curves  seems  very  small  with  the  cast  steel ; 

lie  magnetisation,  for  instance,  for  50  ampere-turns  per  centimetre 

larie^  by  only  a  few  per  cent.     But  the  chief  point  of   interest   is  the 

umber  of  ampere- turns  required  for  a  given  B^  which,  for  instance, 

'or  B=  17,000  lines  per  square  centimetre,  differs  by  40  per  cent  for 

e  two  samples  of  steel. 

It  is  important  in  comparing  the  materials  and  factors  of  safety  to 

er  to  the  right  factor*     In  investigating  the  permeability  of  ordinary 

st  iron,  the  author  would  recommend,  as  a  characteristic  figure,  to 

ke  the  number  of  ampere-turns  per  centimetre  required  for  B  ss  9,000, 

as  regards  special  steel,  those  required  for  B  ^  17,000.     For 

ring  the  permeability  of  cast  iron  and  steel  the  ballistic  method 

^ipears  the  most  convenient.     The  best  results  w*ould  be  obtained  by 

i^ing  large  rings,  having  a  radius  approximately  equal  to  five  times 

he  thickness  of   the  actual   ring  coil,  but  for  practical   reasons  the 

rokc  arrangement  is  to  be  preferred*    As  re  mane  nee  is  not  of  much 

mportancc,  the  magnetisation  curve  obtained  by  reversing  the  mag- 

letising  current  should  be  noted.     This  curve  has  the  advantage  over 

h^  hysteresis  curve  obtained  step  by  step,  ttiat  each  ptiiut  is  in  itself 

ibsolatcly  correct  and  does  not  suffer  from  cumulative  errors. 

The  question  of  rLinanent  magnetism  in  held  frarnes  is  g'ei^eraW'y  oi 
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FuJ.  3."Ma^netisatiori  Curves  of  IroD  Sheets,  The  upper  curv-e  repre- 
sents an  ordinary  stamped  slaeet,  ttie  lower  one  is  that  of  a  modern  sheet  of 
apecml  alloy. 
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secondary  importaricCj  as  consideratioti  of  this  only  becomes  neciss^ 
sary  when  dealing  with  some  sclf-rcgulating  machhieSi  such  as 
boosters,  etc. 

Besides  the  physical  laboratory  tests,  the  mecliaiiJcaJ  inspection  of 
cast  steel  is  very  important.  For  instance,  holes  in  the  steel  may 
increase  the  magnetic  resistance  of  the  poles  or  3'^olce  and  cause 
dissymmetry  in  the  magnetic  circuits,  which  in  the  case  of  a  continnous- 
ctirrent  dynamo  will  produce  sparking  or  heating  in  the  armature. 

Although  every  magnetic  and  electric  property  of  the  iron  sheets 
used  in  the  construction  of  armature  or  transformer  cores  plays  its 
part,  yet  the  permeability  and  the  saturation  are  not  of  such  importance, 
as  it  b  necessary  to  work  with  a  low  saturation  of  the  sheets  in  order 
to  avoid  losses  and  heating.  Extra  high  saturation  will  be  found  in  the 
leetli  of  continuous-current  dynamos*  As  some  special  stampings  give 
less  hysteresis  and  eddy  current  losses,  they  may  be  worked  at  a  higher 
degree  of  saturation.  Unfortunately  they  possess  a  poorer  permeahility 
than  the  old  class  of  stampings*  In  Fig.  3  the  upper  curve  is  the  mag- 
netisation cur%*e  found  for  an  ordinary  stamped  sheet,  while  the  lower 
■     curve  is  that  for  a  modern  sheet  of  special  alloy* 

I  The    hysteresis   can    be    measured   by    taking  the  magnetisation 

I  curve  through  a  complete  cycle^  and  by  measuring  the  specific 
^LfQsistance  of  the  material  directly  by  a  Wheatstone  bridge ;  but  the 
^Ufeodern  and  better  practice  is  to  measure  the  total  losses  due  to 
"  hysteresis  and  eddy  currents  together,  the  sample  being  tested  under 

I  working  conditions. 
By  varying  the  frequency  the  well-known  straight  line  curves  are 
obtained  which  discriminate  between  the  losses  due  to  hysteresis  and 
eddy  currents  at  constant  induction*  The  losses  themselves  are 
measured  with  a  wattmeter,  special  care  being  taken  that  the  instru* 
ment  is  correct  for  low  power  factors*  As  the  amount  of  energy 
10  be  measured  is  very  small,  precaution  must  be  taken  against  the 
occurrence  of  losses  in  the  instruments* 

The  apparatus  used  by  the  author  for  such  researches  was  con- 
structed eight  years  ago.  It  was  the  I  rst  standard  apparatus  for 
t^tiog  iron  sheets  approved  of  by  the  Verbaud  Deutscher  Klectro- 
lechniker  at  their  meeting  at  Dresden,  where  they  had  the  pleasure  of 
meeting  their  Enghsh  friends.  To  get  a  good  commercial  average 
value  the  apparatus  is  constructed  to  take  a  jo  kg.  sample,  which 
accordifig  to  the  rules  of  the  German  Committee  must  be  made  up 
kast  four  different  sheets.  Small  samples  taken  from  different 
)or  from  different  parts  of  the  same  sheet,  differ  sometimes  by 
'as 'mfich  a^  20  per  cent.  The  form  of  the  apparatus  is  shown  in  Fig,  4* 
There  are  four  coils  tor  magnetising  the  four  cores  of  sheets  under 
tesi,  each  insulated  by  Ihiu  paper  in  Ihe  ^ame  manner  as  in  transformer 
cores  .ind  at  <^ch  comer,  where  the  cores  meet,  a  layer  of  paper, 
oa  millimetre  thic^,  is  interposed.  This  thickness  does  not  affect 
ihc  exactness  of  the  results,  as  even  when  a  layer  up  to  one  millinietre 
WIS  .  tried,   there  was  no   appreciable   difference   in    the   teadin^^* ' 

.Vol.  aa.  s 
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Natiirally,  in  order  to  obtain  tlie  best  readings  the  magnetising  current 
should  be  adjusted  to  as  low  a  value  as  possible. 

Some  years  ago  ironworks  were  not  accustomed. >to  test  iron  sheets 
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Fig.  4,— Apparatus  for  Investigation  of  Magnetic  Properties  of  Iron. 
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for  dynamo  work.  When  \  they  tried  to  do  so,  they  found  that  their 
results  rardy  agreed  with  those  of  the  dynamo  manufacturer,  6n 
account  of  the  variety  of  methods  and  of  their  complication  and  inac- 
curacy.    It  was  therefore  I  mi  porta  nt  that  tJie  manufacturer  and  con- 
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stimer  should  mutu^ly  agree  upon  a  method  of  testing  which  should 
be  as  simple  a^  possible.  To  settle  this  the  Verband  Deutscher 
Elcktrotechniker  appointed  a  committee  which  decided  to  adopt  the 
wattmeter  method.  When  ^mples  of  iron  were  sent  to  laboratories  of 
different  firms,  it  was  foiind  that  the  fosses  measured  for  one  induction 
and  one  frequency  agreed  fairly  well,  but  there  was  great  trouble  as 
soon  as  an  attempt  was  made  to  draw  the  straight  line  curves  for 
separating  hysteresis  and  eddy  currents.  Therefore,  although  we  knew 
that  in  order  lo  obtain  the  exact  characteristic  of  iron  it  was  necessary 
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Fio,  5. — Showing  Ratio  between  German  *'  Figure  of  Loss  "  and  Steinmet/ 
Coefficient,  for  Iron  Sheets  of  two  Different  Compositions. 

to  tc^l  it  at  least  in  two  partienlars,  namely  for  hysteresis  and  eddy 
currents,  we  abandoned  the  attempt  and  decided  instead  to  take  as  a 
characteristic  the  loss  measured  with  B:=  io,ot^  liries  per  square  centi- 
metre and  $0  fXJ,  In  the  tjernian  rules  this  vakie  is  called  the  *' figure 
of  loiss''  (Vcdustziffer).  The  adoption  of  this  standard  has  proved  very 
uicfut  during  the  last  few  years.  Since  the  edd}^  currents  decrease 
with  rising  temperature  the  figure  of  loss  was  deteroiined  for  a 
«ta&dard  temperature  of  30^  C,  Tl)e  commercial  0*5  millimetre  sheets 
m^^^  the  list  few  years  chanjjed   by  about  02   per  cent,  for  eacV\ 
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degree  C*,  while  the  modern  sheets  ^how  practically  no  variation.  In 
comparing  different  kinds  of  iron  the  electrical  engineer  naturally, 
examines  them  under  varying  inductions  and  frequencies,  and  the 
manufaclurer  will  now  also  do  the  same,  as  he  gradually  gets  accus- 
tomed to  making  magnetic  tests.  In  the  FcSten-Guilleaume-Lahmeyer 
laboratory  every  wagon  load  of  iron  sheets  is  tested  and  is  rejected 
if  the  **  figure  of  loss "  is  too  high.  Only  with  irons  of  analogous 
composition,  the  conductivities  of  which  are  almost  equal,  is  there  any 
direct  proportion  between  the  above  figure  of  loss  and  the  "Stein- 
metz "  c-^effictent.  Fig,  5  shows  this  ratio  as  found  for  sheet  iron  of 
I  wo  different  alloys. 

For  practical  work  it  is  best  to  make  use  of  a  diagram  which  shows 
llic  losses  per  kilogramme  at  different  rv*  To  present  a  comparison 
of  the  old  with  the  new  kind  of  iron  sheets,  the  diagram,  Fig.  6,  has 
been  drawn.  The  curves  are  plotted  for  50  fV;  ,  and  the  lower  one 
is  that  for  a  modern  sheet  of  special  alloy,  while  the  upper  curve 
represents  a  ^lleet  which  was  until  lately  considered  as  being  of  lirst- 
rate  quahty^ 

Ageing  is  defined  by  the  German  rules  for  iron  as  the  percentage 
variation  of  the  figure  of  loss  caused  by  keeping  the  sample  at  a 
temperature  of  100*  over  600  hours.  Fig.  7  shows  the  effect  of  ageing 
wiih  a  good  and  with  an  inferior  sheet  of  iron^  marked  A  and  B 
respectively.  The  upper  curves  refer  to  the  hysteresis,  the  lower  to 
the  eddy  currents.  From  these  it  is  seen  that  ageing  is  only  due  to  the 
rise  in  value  of  the  hysteresis.  Though  at  the  beginning  the  figure  of 
loss  of  sample  A  is  practically  the  same  as  for  sample  B,  after  a  long 
run  it  exceeds  the  figure  of  loss  for  B. 

There  is  no  difficulty  in  obtaining  ordinary  stampings,  whose  ageing 
will  be  within  a  maximum  of  15  per  cent. 

Notwithstanding  the  importance  of  the  ageing  test,  the  dynamo 
maker  is  unable  on  account  of  time  to  wait  for  the  result ;  all  that 
can  be  done  is  to  keep  records  of  his  observations  and  to  utilise  the 
results  of  his  tests  when  he  wishes  to  obtain  another  supply.  If  the 
iron  ages  greatly  it  would  no  doubt  be  possible  to  exact  a  penalty  from 
the  makers,  but  it  is  far  better  to  order  from  manufacturers  who  have 
previously  supplied  good  and  reliable  material,  and  are  therefore  more 
likely  to  be  depended  on. 

The  testing  of  the  resistance  of  insulating  materials  used  in  the 
construction  of  dynamos  is  not  so  important  as  might  appear.  The  old- 
fashioned  axiom  that  high  resistance  insulation  was  a  guarantee  for 
good  quatity*  which  formerly  proved  right  for  special  cases,  does  not 
now  hold  good*  Insulation  difftculties  are  scarcely  ever  due  to  low 
iiisubtion  resistance,  but  more  often  to  surface  leakage,  which  may 
be  avoided  by  using  only  dry  materials  and  by  suitable  design. 

It  is  necessary,  however,  to  test  aU  insulating  materials  for  dis- 
ruptive strength,  and  this  constitutes,  for  high-tension  work  especially, 
the  most  important  electrical  test.  Nevertheless,  the  more  experienced 
cme  becomes  in  the  practical  testing  and  theory  of  disruptive  strength, 
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the  more  difficult  it  appears   to   obtain  accurate  figures  which  arc 

comparable  with  those  of  other  investi^^ators. 

Most  of  the  hi|Th  tension  insula  ling  mate  rials  J  ike  mica  nite  products, 
varnish  cloth,  impre^^nated  paper,  etc.,  are  not  at  all  homogeneous. 
By  means  of  the  piercing  test  the  strength  at  the  weakest  point  is 
ascertained.  The  larger  the  test  piece,  the  greater  will  be  the  number 
of  weak  points  covered,  and  the  greater  is  the  probability  of  obtaining 
specially  low  values.  To  prove  this  the  author  tested  two  samples,  A 
and  B,  of  the  same  material.  A  was  tested  with  an  electrode  of 
50  X  3  ^  150  cm*''  and  the  average  piercing  pressure  was  7,600  volts. 
Of  B,  different  samples  were  tested  with  an  electrode  of  50  X  62^3,100 
cm.%  and  the  piercing  point  was  found  at  4,000  volts. 

The  effect  of  increasing  the  area  of  the  test-piece  is  not  only  to 
increase  the  probabihty  of  detecting  weak  spots,  but  the  increase 
in  the  capacity  of  the  electrode  also  has  the  effect  of  lowering  the 
piercing  pressure.  We  proved  this  to  onr  satisfaction  by  testing  to 
piercing  point  a  sheet  of  varnish  cloth  with  an  electrode  of  4  cm,=*  in 
sixteen  places.  The  mean  value  of  the  piercing  voltage  w*as  9,900. 
The  same  sheet  was  then  further  tested,  using  the  same  electrode,  but 
with  a  condenser  placed  in  parallel  with  the  electrodes.  This  consisted 
of  two  plates  each  about  64  cm.*  in  area,  separated  by  two  Jaycrs  of 
varnish  cloth.  The  mean  value  of  twenty  readings  gave  the  piercing 
pressure  as  7,250  volts.  On  placing  a  second  condenser  in  circuit  the 
piercing  pressure  sank  still  furtlier  to  7,100  volts. 

In  the  light  of  these  experiments  a  standard  electrode  was  adopted 
by  the  author's  firm  for  testing  dielectric  strength,  which  for  practical 
reasons  was  taken  at  25  x  25=625  cm*'  To  minimise  the  local 
stresses,  the  edges  are  rounded  off. 

The  importance  of  testing  most  carefully  mica  tubes  for  high-ten- 
sion machinery  cannot  be  too  much  emphasised.  In  the  Fclten* 
Guilleaume-Lahmeyer  laboratory  every  mica  tube  is  tested  up  to  at 
least  double  the  working  pressure*  the  tube  being  covered  with  tinfoil 
and  filled  with  metal  rods.  As  the  factors  of  safety  taken  are  so  high 
that  failures  even  under  more  severe  tests  very  se!dom  occur*  the 
electric  pheiromena  are  controlled  by  noting  the  heating  effect  of 
dielectric  hysteresis. 

Fig,  8  shows  the  difference  between  two  sniitli  metre  mica  tubes 
tested  under  15,000  volts.  The  conditions  of  testing  must  be  identicah 
For  example,  when  the  raiai  tube  is  filled  with  iron  rods  it  becomes 
warmer  than  when  copper  rods  are  used,  for  the  reason  that  the  heat 
conductivity  of  iron  is  less  than  that  of  copper.  In  the  same  way  the 
length  of  the  exposed  portion  of  the  tube  has  a  distinct  influence  ou  the 
result. 

Our  standard  practice  is  to  fill  up  the  tubes  with  iron  rods  and  to 
cover  them  in  such  a  way  that  the  exposed  portion  of  the  tubes  equals 
20  per  cent,  of  the  length  under  test.  About  30  tubes  are  then  laid  one 
against  the  other.  Mica  tubes,  however,  which  may  be  able  to  resist 
this  particular  test  will  still  be  unsuitable  for  the  work  if  they  show 
inferior  mechanical  strength  or  deformation  at  higher  temperatures. 


1906 J      AND  OF  MATERIALS   FOR  ITS   CONSTRUCTION. 


39 


Much  has  been  said  about  (he  danger  arising  from  the  generation 
of  nitric  acid  in  mica  tubes.  This  phenomenon  has  also  been  observed 
in  our  laboratory  while  testing  mica  tubes  filled  with  cot  ton- insulated 
wires  under  extra  high  pressure.  At  first,  experiments  were' made  with 
cotton-covered  materials  impregnated  with  different  kinds  of  shellac 
or  paraffin,  and  the  effect  in  question  was  soon  noticedi  even  vvhcn 
using  the  purest  materials.  Both  the  thickness  of  the  tubes  and  the 
testing  pressure  were  then  varied,  and  tubes  of  different  manufacture 
were  aJso  used.  Tests  carried  out  during  the  Jast  three  years  have 
shown  t!  at  for  our  practice  at  pressures  up  to  10,000  volts,  the  limits 
of  thickness  and  of  quality  to  be  kept  in  order  to  avoid  generation  of 

zc£- 
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Fig.  8. — Comparative  Temperature  Rise  of  two  2-mm.  Mica  Tubes  when 
tested  at  15,000  Volts. 

nitric  acid  He  within  the  limits  which  liad  been  adopted  by  us  from 
other  electrical  and  mechanical  reasons.  Although  there  arc  methods 
by  which  this  phenomenon  may  be  overcome,  the  author  has  not 
found  it  necessary  within  liis  own  practice  to  use  them,  but  he  quite 
agrees  that  when  stresses  are  higher,  owing  either  to  higher  potentials 
against  earth  or  to  the  nature  or  dimensions  of  the  materials  used, 
special  precautions  should  be  adopted. 

In  testing  carl>on  brushes  tlie  most  important  details  to  be  con- 
sidered are  durabihty,  absence  of  any  vapours  developed  through 
heating,  smcxithness  of  running,  low  friction  and  low  wear  and  tear 
and  also  the  homogeneity  of  the  carbon* 
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As  to  electrical  features,  n  high  surface  resistance  may  be  an  ad- 
vantage in  a  liigh- voltage  machine,  but  the  rever*ve  in  a  low- voltage. 
Fig.  9  illustrates  the  voltage  required  for  pairs  of  carbons  at  different 
density  of  curretitj  and  the  watts  lost  by  the  friction  per  square  centi- 
metre at  a  speed  of  one  metre  per  second.  The  figures  were  taken 
with  a  specific  pressure  of  loo  grammes  per  cm,^  Further  experiments 
showed  that  on  a  well  polished  commutator  the  A  qnahty  carried  about 

Voh^& 
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Fig.  g.— Losses  found  for  two  Different  Kinds  of  Carbon. 


SO  amperes  per  cm/  without  glowing,  and  the  B  quality  carried  about 
lo  amperes,  but  to  be  on  the  safe  side  we  do  not  work  at  a  higher 
current  density  than  g  amperes  per  cm,"  with  the  A  quality,  and  4-5 
with  B.  For  instance,  to  collect  180  amperes  with  A  quaUty,  2  x  20 
=  40  cm,=  would  be  required  for  both  poles,  and  the  losses  would  be 
150  watls  liy  drop  of  voltage  and,  at  a  i^peed  of  10  metres  per  sccondj 
240  watts  by  friction.  With  the  B  quality  the  brushes  would  require  to 
have  2  X  40  =  80  cm.=  brushes,  and  with  thet;e  the  losses  would  be  380 
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watt*  by  drop  and  640  by  fnctioo*  From  these  data  it  appears  at  once 
that  the  A  quality  is  superior  to  B,  and  though  the  cost  per  cm.'  is 
much  higher.  A  would  be  more  economical  both  in  initial  cost  and 
in  running  efifieiency.  For  high-tension  work,  however,  it  was  found 
necessary  to  use  carbons  of  the  B  quality,  as  low  resistance  carbons 
gave  bad  commutation,  the  brushes  being  apt  to  heat*  due  to  parasitic 
currents,  and  to  glow  at  apparently  normal  current  density.  As  this 
phenamenon  is  not  due  to  machine  voltage  itself,  but  to  the  voltage  of 
reactance,  the  difticulty  will  diminii^h  with  t!ie  voltage  of  commutation. 
To  allow  the  Uiie  of  low-resistance  brushes  for  machines  with  high  com- 
mutation voltage  a  sort  of  laminated  brush  has  been  proposed  with  ex- 
ceedingly low  resistance  in  the  direction  of  the  main  current  and  high 
resistance  in  the  cross  section.  Excellent  carbons  of  this  sort  have 
been  placed  on  the  market  by  a  British  lirm. 

To  obtain  comparative  values,  experiments  on  carbons  should  be 
carried  out  with  commutators  or  collector  rings  of  faultless  poUsh  and 
accuracy,  but  as  we  do  not  desire  to  make  sliow^  tests^  our  practice  is  lo 
lest  the  carbon  brushes  on  machines  imder  the  most  unfavourable 
conditions. 

Some  years  ago  the  author's  firm  found  a  carbon  brush  which 
gave  excellent  resultii  in  the  laboratory  and  for  several  months  on  the 
machines  in  their  own  works.  When  it  was  placed  on  the  market, 
however,  though  it  worked  satisfactorily  in  99  cases  out  of  100,  yet  with 
certain  plants  and  on  certain  machines  it  gave  trouble,  and  consequently 
the  firm  abandoned  the  use  of  it  altogether. 

The  chief  details  to  be  considered  in  the  electrical  testing  of  com- 
plete electrical  machines  are  insulation,  lemperalurc  rise,  efEcicncy, 
regulation,  commutation  and  power  factor,  both  for  different  loads  and 
for  overload. 

In  dynamo  practice  as  a  rule  the  result  of  poor  insulation  is  not 
loss  of  energy  but  the  production  of  an  '*  earth,"  with  the  possi- 
bility of  shocks  to  those  in  attendance,  the  distur trance  of  telephone 
apparatus,  etc*,  and  the  risk  that  in  time  it  may  cause  a  breakdown  due 
cithcf  to  local  heating  or  to  electrolytic  action.  In  the  latter  respect,  a 
^cjoo'ohm  leakage  on  a  500- k.w.,  240-voIt  dynamo  would  be  altogether 
harmless  if  equally  distributed,  while  the  29  w^atts  would  be  dangerous 
lo  the  insulating  material  if  the  whole  of  the  leakage  were  concentrated 
at  one  spot.  To  a  certain  extent,  therufore,  the  interest  is  not  so  much 
in  the  megohms  but  in  the  question  as  to  whether  there  is  any  iocal 
leakage.  That  is  to  say,  suspicion  would  arise  if  the  total  amount  were 
greater  than  might  reasonably  be  expected,  all  other  factors  being 
normal. 

A  great  improvement  was  effected  by  using  fibrous  materials,  such 
^jp  leatheroid,  in  connection  with  low-tension  and  es^pecially  with  con- 
^  Aliious*current  dynamos,  on  account  of  their  elastic  and  mechanical 
■  strength.  Mica  insulation,  which  is  indispensable  lor  high-tension 
I    machines,  is  excellent  when  used  in  thick  lavers,  but  on  accomrt  of  its 
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especially  when  it  is  necessary  to  bend  it.  The  purely  electrical 
test  of  a  newly  erected  machine  is  likely  to  give  better  re^*ults  with  a 
mi*^  insulated  continuoiis-current  armature  than  with  an  armature  in- 
sulated with  Icathcroid  ;  but  with  mica  there  is  more  risk  of  local  faults, 
which  occur  as  a  rule  at  the  corners  and  arc  chiefly  due  to  the  brittle- 
ness  caused  by  the  continual  heating  and  cooling, 

"What  is  really  wanted  is  reliability,  which  can  only  be  guaranteed 
by  practical  experience  on  the  part  of  the  manufacturer,  and  not  by  a 
simple  physical  test  alone.  A  machine,  even  when  built  with  the  most 
suitable  material,  has  to  undergo  on  completion  an  insulation  test  with 
a  higher  voltage  than  its  oormalj  in  order  to  ensure  a  reasonable  factor 
of  safely,  tt  is  desii'able  that  a  machine  be  able  to  stand  any  surges 
that  may  possibly  arise  under  working  conditions^  but  to  insulate  a 
machine  in  such  a  manner  as  to  safeguard  it  against  lightning  dis- 
charges would  not,  as  a  rule,  prove  advantageous  or  commerciah 

The  probability  of  the  occurrence  of  surges  in  a  plantof  given  output 
increases  with  an  increase  in  voltage.  Although  from  this  point  of 
view  the  factors  of  safety  to  tie  taken  ought  to  increase  with  the  voltage, 
in  practice  the  opposite  is  actually  found  to  be  the  case,  this  being  due 
to  mechantcaL  and  electrical  reasons.  A  certain  thickness  of  insulation 
is  necessary  in  order  to  gain  mechanical  strength  and  stiffness,  and  it  is 
not  good  practice  to  use  nnca  tubes  thinner  than  2  millimetres^  other- 
wise they  will  not  stand  the  mechanical  stresses.  1 

Thus  at  lower  pressures  the  factors  of   safety  arc  unnecessarily       1 
high,  simply  from  mechanica    reasons.     The  ratio  between  the  thick-       ! 
ness  and  the   piercing  pressure  increases  with  the   former.      Con-       | 
sequent ly,  to   increase   the   factor   of  safety  to  a  given  amount  will 
affect  the  construction  of  a  10,000-volt  machine  much  more  than  that 
of  a  machine  of  5,000,  not  to  mention  the  difhculties  which  arise  owing 
to  the  excessive  space  in  the  active  zone  taken  up  by  insulation  of  great 
thickness.     We  require  for  our  mica  tubes  a  safety  factor  of  5  or  10,  in 
order  to  ensure  safety  against  accidental  weakness  of  the  material.    For 
this  reason  an  additional  thickness  must  be  adopted,  which,  as  will  be 
easily  understood,  will  not  increase  the  factor  of  safety  of  thicker  tubes 
to  the  same  extent  as  that  of  thinner  tubes. 

Having  to  take  account  of  the  fact  that  single  layers  may  be  faulty, 
it  is  necessary  to  increase  the  number  of  layers  in  proportion  as  the 
total  thickness  of  the  insulation  is  diminished.  Even  if  it  were  desired 
lo  increase  the  thickness  of  the  mica  tubes  proportionately,  the  dielectric 
strength  of  the  tube  will  still  not  increase  in  the  same  ratio  as  its 
thickness.  This  is  shown  t^y  curves  of  dielectric  strength  in  relation 
to  thickness,  which,  as  is  well  known,  droop  at  higher  values. 

Again  the  weak  point  of  an  extra  high  tension  machine  is  often  not 
to  be  found  in  the  insulating  tubes  themselves,  but  at  the  ends  outside 
the  slot.  This  space  for  a  given  pattern  is  about  the  same  in  a  1,000  as 
in  a  10,000  volt  machine,  therefore  the  factor  of  safety  here  decreases 
as  the  voltage  increases, 

Another  weak  point  which  becomes  apparent  with  the  rise  in  voltage 
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is  the  electrical  stress  between  different  layers  of  the  single  coils ;  the 
number  of  coils  being  usually  fixed  by  the  number  of  poles;,  the  stresses 
inside  the  coils  increase  with  the  voltage,  and  tberefore  the  factor  of 
safety  also  diminishes  in  this  direction  as  the  voltage  increases.  Accord* 
ingly  the  test  pressurcj>  ought  not  to  be  in  the  same  ratio  for  all  voltages, 
and  the  following  rules,  drawn  up  by  the  Vcrband  Dcutscher  Elcktro- 
techniker  for  the  testing  of  insulation  of  machines  and  transformefs, 
appear  to  be  of  the  best  practical  value  : 

Working  pressure^=  f*. 

For  P  <  5,000,  test  pressure  applied  for  J  hr,  =  2  P 

„    5,000  <  P  <  10,000     „  ,,  „  „        =  P  +  5,000 

In  first'Cbss  works,  however,  the  finished  machines  are  tested  at  a 
higher  pressure  than  is  provided  for  by  those  rules,  and  the  single  parts 
are  tested,  before  being  fitted,  at  a  still  higher  pressure* 

As  regards  the  risk  to  the  machines  in  carrying  out  high-tension 
tests,  nothing  need  be  said  in  reference  to  the  damage  which  might 
happen  through  setting  up  an  arc  and  burning  both  conductors  and 
inaubtiou,  but  discussions  hav^e  arisen  as  to  whether  the  risk  of  a  break- 
down is  increased  by  applying  a  high  electric  stress  during  a  certain 
time.  As  far  as  the  author*s  own  experience  goes,  be  has  nevcir  held 
the  view  that  a  high -pressure  test  weakens  a  dieiectric  in  the  same 
manner  as  excessive  mechanical  stresses  weaken  an  elastic  metal  It 
often  happens  that  a  material  stands  a  few  minutes'  test  and  then 
suddenly  breaks  down*  This  is  generally  due  to  a  puncturing,  or  in 
some  cases  to  a  carbonising,  effect.  On  account  of  the  variation  of 
the  dielectric  factor  of  the  materials  employed  and  of  the  geo- 
metrical form  of  the  electrodes,  the  stresses  of  the  dielectric  vary, 
and  If  there  are  any  points  where  these  exceed  the  disruptive 
strength,  the  dielectric  punctures  and  carbonises.  This  ijicreases  the 
stress  in  adjacent  parts,  and  the  average  stress  per  centimetre,  con- 
seqncnlly  oiher  parts  become  punctured  in  turn.  The  phenomenon 
was  eiteedingly  clearly  o!>served  during  a  60,000-volt  laboratory 
eupcrini^nt'made  on  a  tube.  A  few  minutes  after  applying  the  cunent 
bright  bmsh  discharges  were  noticed  burning  and  carbonising  the 
surface  of  the  tube,  which  progressed  at  the  rate  of  15  centimetres  in 
twenty  minutes.  It  is  therefore  advisable  not  to  exaggerate  testing 
pressures,  but  rather  to  seek  safety  in  well  selected  and  tested  materials 
and  in  careful  and  thorough  construction.  The  object  of  putUng  the 
iiuished  machine  under  a  pressure  test  before  start i Jig  up  would  then 
be  to  detect  any  accidental  fault  which  might  possibly  have  arisen 
during  transport  or  erection. 

Id  all  cases  the  conscientious  building  up  of  the  machine  on  the 
part  of  the  designer  is  a  better  guarantee  than  the  voltage  test  made  on 
a  tic Y.  !y  erected  machine*  It  must  be  borne  in  mind  that  this  latter 
takes  place  under  the  most  favourable  circumstances,  while  on  the 
other  hand  an  experienced  designer  will  consider  the  unfavourable  con- 
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ditions  which  may  arise  m  actual  practice.  To  demonstrate  the  effect 
of  such  conditions,  experiments  were  made  in  our  Iat>oratory  which 
are  depicted  by  Ihe  following  curves,  shown  in  Fig*  lo* 

Curve  A  shows  the  relationship  between  the  creeping  distance  in 
millimetres  and  tb&  pressure  for  clean  mica  tubes. 

Curve  B  the  same  for  mica  tubes  sprinkled  with  dry  carbon  dust. 
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KiG.  10.— Curves  showing  Rebit  ion  ship  between  Creeping  Distance  in  mm 
and  Pressure^  with  Clean  and  Dusted  Mica  Insulation. 

Curve C  that  for  mica  tubes  sprinkled  with  carbon  dust  and  damped 
with  steam. 

Although  two  machines,  constructed  willi  different  creeping  dis- 
tances, may  stand  the  same  normal  pre  insure  test,  it  may  be  that  one 
H  much  better  suited  for  practical  work  than  the  other.  This  cannot 
he  ascertained  by  increasing  ttie  voltage  of  the  pressure  test* 
It  may  happen  that  the  weakest  point  of  the  clean  machine  is  the 
piercing  point  of  the  insulation.  This  would  in  no  way  be  altered 
by  increasing  the  creeping  distance^  but  the  machine  of  ample  design 
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would  puncUire  at  the  same  pressure  as  the  inf trior  machitie,  given 
that  both  were  clean.  With  n  well  designed  machine  the  factors  of 
safety  are  of  coarse  not  taken  against  pressnres  which  may  arise  in 
actnal  practice  under  ideal  circumstances,  but  against  pressures  which 
may  be  met  with  in  actmil  practice  under  unfavourable  circumstances. 
and  %voiiJd  differently  affect  the  various  parts  of  the  machine.  Above 
all  the  factors  of  safety  are  chosen  to  prevent  troubles  wliich  might 
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Fig*  ll*^Heating  Curves  of  a  Magjiet  Coil  of  a  Continuous- current  Fly-wheel 
Generator  of  2  x  700  Ic.w,    |See  Fig.  11  a.) 
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lower  Ihe  insulation  valyc,  such  as  dufet  in  cenlral  stations,  moiaurc  in 
mines,  and  deposits  in  rooms  with  very  moist  atmosphere^  etc. 

Ten  years  ago  good  machines  used  to  run  without  any  appreciable 
rise  of  tempera  til  re,  due  to  the  fact  thatj  experience  in  those  days  as 
regards  commutation,  regulation,  materials,  etc,  being  limited,  dis- 
proportionately high  factors  of  safety  were  usual.  The  machine  was 
popiid^red  faulty  if  any  part  of  it  heated  up  beyond  30°  or  40P  C.    M 
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the  present  day  the  o»Iy  reason  wliy  we  are  interested  in  the  tempera- 
ture is  the  harm  it  may  ultimately  do  to  the  machine^  and  especially 
to  the  insulating  material  From  experiments  made  on  samples  of 
cotton-covered  wire  by  the  National  Physical  Laboratory  of  Great 
Britain,  125°  C.  was  taken  as  an  approximate  safe  limit.  With  an 
engine-room  temperature  of  $$^  C.  there  would  thus  be  left  a  margin 
for  beating  of  about  90°  C* 

The  temperature  of  the  outside  of  the  machine  is  easily  measured 
with  a  thermometer,  and  in  making  special  researches  the  inside  tem- 
perature can  be  measured  by  a  thcrmoJuni:tioni  a  method,  howevi 
which  is  impracticable  for  actual  work.  The  temperature  inside 
coils  varies  to  a  great  extent  wnth  the  construction.  Heat  is  generated 
equally  in  the  body  of  the  coils  and  passes  lo  the  outside  and  so 
to  the  surrounding  air,  poles*  polc^pieces.  etc.  There  is  a  remarkable 
drop  of  temperature  in  every  layer  of  insulation,  this  drop  being  pro- 
portional to  the  thickness  of  the  layer  and  to  the  local  intensity  of  the 
flux  of  heat.  The  complicated  nature  of  the  phenomenon  is  demon- 
strated by  Fig,  II,  which  shows  the  inside  and  outside  temperatures  of 
the  same  coil  when  mounted  and  dismounted  from  its  pole.  It  would 
not  be  worth  while  to  treat  the  problem  by  theory,  based  on  Ihe 
iipecific  heat-conductivity  of  cotton,  etc.  Even  though  we  cannot 
measure  the  maximtim  temperature  inside  a  machine,  when  the  latter 
has  been  built — and  strictly  speaking  this  is  what  interests  us — the 
change  of  resistance  offers  a  very  convenient  means  for  ascertaining 
the  mean  temperature.  According  to  the  Regulations  of  the  Verband 
Deutscher  Elektrotechnikcr  the  average  heating  of  magnet  coils  is 
measured  by  this  method.  A  mean  temperature  rise  of  60"^  is  per- 
mitted, which  corresponds  to  an  increase  in  the  resistance  of  24  per 
cent.  This  mean  value  also  correspoods,  as  a  rule,  to  a  temperature  rise 
of  40"^  C.  at  the  exterior ^  measured  by  a  thermometer.  For  machines 
constructed  on  the  same  pattern  the  variation  of  the  ratio  of  mean 
to  outside  temperature,  as  measured  by  resistance  and  thermometer 
respectively ,  is  very  small,  as  shown  by  the  following  table ; 

Av£eAaE  Values  of  Temperature  Rise  in^  Difperext  Motors. 
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When  tlte  coil  above  referred  to  was  fitted  and  the  machine  was 
running  an  outside  temperature  rise  of  gP  C.  was  measured  by  a  thermo- 
meter, whiie  the  average  inside  temperature  rise,  measured  by  variation 
of  resistance,  was  found  to  be  ^$'*  C.  In  this  case  the  ratio  of  inside  to 
outside  temperature  rise  is  about  4.  Tliis  extraordinarily  high  value  is 
due  to  the  fact  that  the  machine^  as  illustrated  in  Fig.  ita,  b  of  the 
flywheel  type,  thus  ensuring  a  remarkably  good  cooling  effect. 

With  armatures  there  is  no  material  difference  between  the  inner 
and  ontcT  temperaturej  since  the  winding  consists  only  of  a  very  few 
layers.  Consequently  it  is  not  worth  while  to  go  to  the  inconvenience 
of  indirect  temperature  measurements  with  direct-current  armatures  ] 
particularly  since  the  measuring  of  the  resistance  becomes  complicated 
and  inaccurate,  especially  in  the  case  of  series  parallel  armatures.  The 
German  Regulations  therefore  provide  in  these  cases  for  thermometer 
measurements.  They  limit,  however^  the  permissible  temperature 
rise  to  50P  C. 

As  to  the  influence  of  time,  Fig.  12  show*s  the  heating  curves  of 
a  7'5*k*\v,  transformer,  and  Fig,  13  that  of  a  i,6oo-k.w*  turbine- 
driven  alternator.  The  machines  are  iJIustratcd  in  Figs.  tiA  and 
13A  respectively*  The  temperature  of  the  small  transformers  became 
stationary  after  a  1 6-hour  run,  that  of  the  alternator  coils  after  a  6-hour 
run.  For  the  transformer  the  cooling  effect  is  very  poor  as  compared 
wnth  the  heating  capacity.  We  found  that  this  effect  in  all  Feltcn* 
GuiMeaume-Lahmeyer  transformers  of  the  same  design  from  3  up  to 
100  k.w.  became  stationary  after  a  run  of  about  16  hours,  and  the  tem- 
perature rise  after  a  6-hour  run  was  for  all  of  them  80  per  cent,  of  its 
final  value  for  the  copper  and  66  per  cent,  for  tlie  iron.  But  with  well- 
ventilated  high-speed  machines,  even  in  the  first  hours  the  amount  of 
energy  dissipated  by  the  cooling  effect  is  much  greater  than  the  heal 
capacity  of  the  masses,  and  so  I  hey  practically  reach  the  maximum 
%'ery  soon,  as  t!ie  diagram  (Fig.  13)  shows. 

The  temperature  rise  in  an  oil  transformer  can  be  seen  from  Fig.  14. 
The  transformer  itself  is  shown  in  Fig,  14A.  Here  the  lower  parts  do 
not  heat  at  all  at  the  beginning  of  the  test.  The  lower  the  thermo- 
meter is  placed  the  greater  the  difference  between  the  temperature  rise 
obtained  after  a  few  hours'  run  and  the  stationary  value. 

From  these  examples  it  will  be  seen  that  it  is  impossible  to  establish  a 
universal  ratio  between  the  temperature  rise  after  continuous  running 
and  after  a  6  hours'  run.  It  is  desirable,  therefore,  in  drawing  up 
general  rules,  that  these  should  not  refer  to  any  arbitrary  time,  but 
to  the  stationary  temperature  after  continuous  running. 

In  actuat  tests  either  the  increase  in  temperature  should  be  followed 
up  in  order  to  see  when  the  highest  temperature  is  reached,  or  such 
running  time  should  be  allowed  as  has  proved  sufficient  for  machines  of 
similar  type. 

With  machines  for  long  intermittent  service  the  period  of  the  service 
should  be  used  as  a  basis,  while  with  machines  for  short  intermittent 
service  one  should  endeavour  to  lake  into  consideration  the  special 
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chiimcler  of  the  work.  In  order  to  avoid  compliaitions,  however,  it  is 
customary  in  the  latter  case  to  take  as  a  basis  a  i-hour  continuous  run. 

The  greater  the  heat  capacity  of  the  mass  of  the  motor  in  com- 
parison to  its  radiating  capacity,  the  more  will  these  values  differ  from 
the  real  value. 

If  there  is  no  opportunity  for  folly  loading  the  machinci  an  idea  of 
itstherniaJ  characteristic  may  he  obtained  by  the  well-known  method 
of  running  it  alternately  with  a  higher  voltage  and  wilh  a  higher 
current,  so  that  in  each  case  the  full  losses  arc  obtained.  For  example, 
the  following  is  the  method  we  have  employed  to  test  a  single  Joo-k,w- 
transformer  for  a  voltage  of   10,000/ 2 H,ooo,  in  which  the  iron  losses 
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l-'Ki*  14.— Healing  Curves  of  Oil  Transformcn    (Se<!  Fig.  14A.) 

amounted  to  3.420  waii5,  and  the  copper  losses  to  2,500  watts  under 
normal  working  conditions.  The  transformer  was  first  run  for  one 
iiour  with  13,900/34,700  vol! St  corresponding  to  losses  of  5,830  watts. 
It  was  then  run  for  one  hour  short'circuited  with  19*3  amperes  and 
with  8  Hitiperes  respectively,  corresponding  to  losses  of  7,040  watts. 
Though  in  each  case  the  losses  were  practically  the  same  as  those 
occurring  under  working  conditions,  by  continuing  the  teiit  for  a 
Mjfl^cienl  length  of  time  it  was  possible  to  gauge  the  temperature  rise 
ui  the  machine^ 

The  object  of  the  heating  test  is  solely  lo  ascertain  that  the  recog- 
itjsed  stindai d  limits  for  the  healing  are  not  transgressed.  Whether 
Ibc  teniperaiure  of  a  machine  increases  ^o*"  C.  or  50P  C.  is  ot\\eTm'5^ 

Vol,  88.  4 
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wholly  immaterial,  and  it  would  be  entirely  premature  to  draw  a  con- 
clusion as  to  the  ample  design  of  the  machine  from  the  increase  of 
temperature  alone*  A  cooler  machine  is  certainly  an  advantage, 
inasmuch  as  it  may  be  used  in  warmer  localities,  but  apart  from  this 
a  low  temperature  rise  is  of  no  practical  value  it  the  machine  caniict 
be  overloaded  owing  to  its  commutator  beginning  to  spark,  its  regulation 
being  insnf^cient^  or  perhaps  on  account  of  its  mechanical  construc- 
tion, or  owing  to  being  driven  by  a  gas-engine.     It  is  not  even  certain 


Fig.  i4.\*— Oil  Transformer. 


with  regard  to  the  thermal  qualities  that  if  of  two  machines  A  shows 
30°  C.  and  B  40°  C,  increase  of  temperature  with  normal  load,  that 
A  will  allow  of  a  higher' overload  than  B^  before  the  permissible  limit 
of  $0°  C,  is  reached.  This  might  actually  not  be  the  case  if  A  worked 
with  small  iron  losses,  with  great  copper  losses,  and  with  high 
magnetic  field  saturation. 

Finally  much  depends  upon  the  reason  why  one  machine  heats 
more  than  another^  If,  for  example,  in  a  gas-driven  plant  one  of 
two  similarly  constructed  machines  runs  at  a  temperature  of  50**  and 
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the  other  at  jcf,  the  difference  being  due  alone  to  the  fact  that  the 
aimaturc  openings  have  been  covered  in  the  former  case  to  prevent 
the  entrance  of  gases  and  dust,  the  machine  with  a  50"  rise  is  to  be 
preferred  to  the  other  cooler  machine.  Extraordinarily  low  tempera- 
tures may  no  doubt  be  preferable  nnder  certain  conditions,  if,  for 
iQStancc%  a  very  exact  constancy  of  field  is  required,  with  low 
saturated  magnctSj  but,  as  a  rulCi  if  the  temperature  does  fall  below 
the  given  hmit  this  does  not  constitute  any  particular  advantage. 

The  efficiency  of  electric  machines  is  dclined  by  the  ratio  between 
input  and  output  of  energy.  The  output  is,  as  a  rule,  mechanical  or 
electrical,  the  input  the  same,  or  a  combination  of  both.  The  accuracy 
of  mechaniKiJ  nKtisurements,  both  by  brake  for  output  and  by  indicator 
or  hydraulic  tests  for  input,  is  much  behind  the  accuracy  of  electrical 
measurements.  It  is  therefore  good  practice  to  avoid  mechanical 
meastirements,  and  to  check  by  electric  measurements  the  losses 
defining  the  difference  between  input  and  output.  However,  e%*en 
when  dealini;  with  input  and  output  of  electrical  energy  alone  from 
*uch  machines  as  transformers,  converters,  and  motor*generatorSj  etc., 
Eaore  accurate  results  arc  obtained  by  testing  the  losses  than  by  com* 
paring  input  and  output.  In  the  first  place  an  inaccuracy  of  an 
instmment  of  i  per  cent,  wilt  affect  the  result  by  1  per  cent,  in  com- 
paring input  with  output,  whilst  the  same  inaccuracy  in  measuring  the 
losseis  will  affect  the  value  of  tli<^  efficiency  by  ^^  per  cent*  at  a 
majcimum.  For  supposing  that  the  efficiency  may  be  about  90  per 
cent-p  an  inaccuracy  of  i  per  cent,  in  measuring  the  losses  will 
influence  the  value  of  efficiency  only  to  one-tenth  of  i  per  cent., 
the  tosses  themselves  being  about  10  per  cent,  of  the  input.  Besides 
ttijs,  instruments  for  measuring  the  losses  arc  mostly  more  reliable 
and  the  arrangements  less  complicated.  As  the  designer  calculates 
the  losses,  and  these  are  tested  in  a  simpler  and  more  reliable 
way,  the  guarantees  ought  to  be  based  on  them,  as  it  is  important 
that  they  sboutd  be  of  a  kind  wliich  both  the  designer  and  the 
fiser  can  check. 

To  check  the  copper  losses  at  full  load  in  armatures,  the  resis- 
tances ought  to  be  measured  after  a  regular  norrnal  run.  To  correct 
the  resistance  for  the  heating  at  half  or  tbree-quartcr  load  is  un- 
necessary, as  at  these  values  an  inaccuracy  of  the  copper  losses 
scarcely  affects  the  efficiency^  Special  care  mnst  be  taken  with 
continuous- current  armatures  in  regard  to  the  different  brush  contacts, 
and  to  the  exclusion  of  the  contact  resistance  of  carbons.  The  results 
will  scarcely  be  exact  within  a  few^  per  cent.,  but  an  error  of  even  5 
per  cent,  would  affect  the  total  losses  only  by  about  1*5  per  cent*,  and 
ihe  efficiency  by  not  more  than  about  o'l  per  cent.  In  special  crises, 
where  heavy  current  armatures  are  concerned,  the  re^.istauce  may  be 
calcuialcd  front  the  copper  dimcusions. 

As  regards  the  testing  of  iron  losses  a  very  simple  method  was 
juiftonaced  la^t  year  in  the  technical  press.  To  invtstTgale  those  of  a 
seirenil  thousand  kilowatt  alternator  small  sampler  of  the  it  on  used  m 
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the  armature  were  reserved  and  tested  in  the  laboratory  at  the  same 
inductance  and  frequency  as  in  the  raachine.  By  multiplying  the 
figures  with  the  ratio  of  weights  of  the  iron  in  the  armature  and  of  the 
sample^  the  iron  losses  in  the  armature  wi^re  supposed  to  be  checked* 
Every  experienced  designer  who  has  ever  compared  actual  looses  in 
machines  with  the  losses  calculated  on  the  above  basis  is  aw^are  that 
the  method  h  faulty  and  that  the  results  will  be  too  low. 

What  arc  guaranteed  as  iron  losses  in  machines  are  not  the  losses 
which  occur  in  the  unfinished  iron^  when  the  hues  of  force  are 
uniformly  distributed  in  exactly  the  way  which  the  designer  has 
prescribed  in  the  armature  core.  There  are  the  additional  losses  due 
to  varying  density^  dispersion,  and  above  all  to  hysteresis  and  eddy 
current  losses  in  other  parts  of  the  machine,  whether  solid  or  lami^ 
naled.  The  data  necessary  for  the  computation  of  these  losses  can  only 
be  obtained  by  thorough  research,  and  not  alone  by  simple  measure- 
ments on  a  test-piece  in  the  laboratory. 

Thus  in  tlie  early  days  of  dynamo  manufacture  a  difference  between 
the  losses  calculated  by  the  Steinmetz  formula  and  those  found  by  tests 
on  machines  w^as  observed,  to  compensate  for  which  the  multiplication 
of  the  theoretical  losses  by  a  certain  factor  w^is  proposed.  Fig.  15 
refers  to  observations  made  at  that  tune  on  continuous-current 
machines.  The  full  hnes  show  the  losses  as  found  by  testing 
laboratory  samples  and  as  measured  on  actual  machines.  For  a 
%*arving  induction  both  for  15  and  30  f\J  the  ratio  between  losses  in 
the  machinery  and  losses  in  the  laboratory  samples  increases  both 
with  the  frequency  and  the  induction,  as  will  be  seen  by  the  dotted 
lines*  This  is  principally  due  to  tlie  fact  that  there  arc  more  eddy 
currents  in  a  dynamo  than  in  a  laboratory  test- piece. 

Assuming  that  eddy  currents  vary  wilh  the  square  of  both  the 
frequency  and  Ihe  induction,  while  hysteresis  varies  directly  with 
the  frequency  and  wilh  the  16  power  of  induction,  it  witl  be  seen  that 
it  is  impossible  to  And  a  constant  factor  which  will  give  the  exact 
actual  losses  by  multiplication  of  the  theoretical  factors.  To  emphasise 
Ihe  difference  as  much  as  possible,  the  curves  are  based  on  measure- 
ments taken  from  out-of-date  machines ;  but  similar  results  will  be 
found  in  modern  machines.  We  therefore  see  that  to  calculate  the 
iron  losses  of  a  machine  we  must  take  into  consideration  the  machine 
running  under  normal  conditions,  and  to  calculate  the  iron  losses  either 
for  the  purpose  of  designing  a  machine  or  for  guarantees  we  must 
base  our  calculations  on  curves  of  losses  as  determined  from  actual 
machines. 

The  most  thorough  method  of  guaranteeing  a  machine  consists 
therefore  in  basing  the  guarantee  on  the  most  unfavourable  values, 
obtained  from  previous  machines  of  similar  construction.  Such  values 
will  be  found  to  differ  to  a  very  considerable  degree  from  those  deduced 
from  theoretical  considerations^ 

In  illustration  of  this  some  curves  of  iron  losses  are  given  in 
Fig,  16,  which  are  t^ken  from  a  few  of  the  best  standard  works  on 
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elcctncal  machine;  construction.  The  fignre  aUo  contains  a  curve 
of  loss,  designed  by  the  author  as  a  basis  for  guarantees.  Naturally 
the  eflTtciency  which  has  been  calculated  for  a  certain  machine  is  very 
greatly  affected  by  the  choice  of  the  curve  of  iron  losses.  The  curves 
have  been  taken  as  a  basis  for  the  calculation  of  the  efficiency  of 
a.  certain   machine  in  the  next  figure   (Fig*  17).      As   may  be   seen, 
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Kici.  15.— Losses  as  tcst^  in  Machines  and  in  Laboratory  Samples, 

dilfcretices  occur  of  3  per  cent,  at  full  load  and  of  s  pt^r  cent,  at 
hiilf  load. 

In  order,  then,  to  establish  a  comparison  of  guarantees  as  regards 
iron  losses  and  to  enable  any  one  to  judge  the  comparative  value 
of  different  machines,  it  is  essential  that  these  guarantees  should  be 
calculated  on  identical  lines.  Because  otherwise  in  specifying  the 
cflficieTicy  of  a  machine  a  low  efficiency  is  often  not  so  much  due  to 
the  fjct  that  the  machine  offered  is  an  inferior  one  as  that  the  speci- 

lion  has  l>ecn  worked  out  in  a  more  thorough  and  Qonscientioiis 
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Iron  losses  can  be  accurately  tested  with  transformers  or  motor- 
generators.  With  continiious-carrent  machines  special  care  must  be 
bestowed  on  the  position  of  brushes.  Fig,  18  shows  the  variation 
observed  on  a  machine  running  a*i  a  motor  with  different  sparkiess 
positions  of  brushes.  In  tlie  case  of  motors  the  manufacttirer  for  hts 
own  information  can  separate  friction  and  iron  losses  b}*  different 
methods,  but  the  bti^^er  will  be  sati^fted  with  a  combined  test.  With 
en^ine^driven  generators  indicator  tests  give  the  no-load  losses  of  the 
set  and  the  losses  due  to  excitation  and  magnetisation.  The  inaccuracy 
of  light-load  indicator  diagrams  is  diminished,  but  not  altogether 
avoided,  by  throttling  the  steam  to  work  with  lower  pressure. 

For  jnstancc^a400-k.w.hteamalternator  gave  the  following  results  1 — 

Minlnii,mi.  Jlaximuin.  Average  Vjilite. 

Fricti on  losses    **.,.., ,....    37*5  42  S  40  H,R 

Friction  and  iron  losses   546  60*3  58  H.P, 

Iroo  losses  .* ^ ,♦*     ir8  22'H  18  H.P. 

A  great  number  of  diagrams  are  therefore  required  to  get  some 
degree  of  exactness. 

tf  the  voltage  available  differs  a  little  from  normal  a  correction  may 
be  made»  assuming  that  the  losses  vary  w^ith  the  s<[uare  of  the  voltage. 
This  assumption  is  correct  in  most  cases,  so  that  it  is  not  worth 
while  to  refer  to  any  special  laws  with  regard  to  the  relation  between 
hysteresis  loss  and  the  eddy  current  loss.  This  is  evident  from  the 
following  data  which  have  been  observed  with  reference  to  the  iron 
looses  of  a  direct-current  machine. 


Voltt. 

Watts, 

Watts 

vbiiB^ ' 

2M 

340 

000572 

327 

(^s 

000565 

415 

970 

000563 

500 

1405 

©•00562 

55^ 

IJJ5 

000562 

SH      1 

'p965 

0-00566 

Average 

...     0*00565 

These  figures  show  that  the  iron  losses  of  this  machine  built  for  a 
normal  working  pressure  of  500  volts  can  be  correctly  represented 
between  the  limits  of  244-589  volts  by  the  formula  :  Watts  =  0*0057  ^ 
volts-. 
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^^H               Testing  is  simplified  if  the  cflBciencies  of  engine  and  generator  are 
^^H          not  guaranteed  separately  but  combined.     In  thi:^  case  the  result  will 
^^^B         be  obtained  by  indicating  the  engine  and  measuring  the  output  of  the 
^^H         generator.    The  Mmplicity  of  thii^  nielhod  and  the  importance  of  the 
^^H         result   of    this  te^^t  for  the   buyer   has   brought  it  into  frequent    use. 
^^H         Sometimes  the  iron  losses  can  be  tested  in  a  more  accurate  way  than 
^^H          by  the  indicator  method,  if  the  j^enerator  can  be  disconnected  from  the 
^^H          steam  engine  and  if  a  second  set  is  available  to  ruu  the  first  when  fully 
^^H         excited.     If  required  in  this  test  the  separattori  of  friction  from  iron 
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:s  cim  be  effected  either  by  %Mrying  the  induction  and  cxtrapola- 
or  by  the  running  down  method. 

rhough  the  accuracy  of  electrical  measurements  is  much  higher 
I  that  attainable  in  other  branches  of  engineering,  we  must  bear 
lind  that  it  is   not  absolute.     Even  with  continuous-current  tests 
rial  care  is  required  to  measure  current  or  voltage  within  0*5  per 
,     In  dealing  with  high-pressure  wattmeters  it  ii^  very  difficult  to 
within  I  per  cent.,  though  the  readings  may  be  accural e  witbin 
per  cent* 

raking  into  account  the  inaccuracy  of  mechanical  measurements, 
ppears  absolutely  necessary  in  the  cai^e  of  efficiency  tests  to  allow 
largin  of  error ;  up  to  2  per  cent,  being  commonly  agreed  upon. 
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Even  higher  margins  must  be  allowed  in  bydro-electric  plants, 
particularly  when  working  with  a  smM  head  of  water. 

Formerly  the  losses  in  the  carbon  brushes  in  direct  current  machines 
were  underestimated  and  regarded  as  negligible.  7'he  friction  losses 
are  included  in  the  total  friction  losses  of  the  machine,  while  those  due 
to  the  resistance  of  the  carbons  are  ascertained  either  on  the  basis  of 
curves,  plotted  for  the  different  kinds  of  carbon  brushes,  as  shown  in 
Flgr  9«  or  by  adding  one  insulated  bruish  and  measurin|T  the  differcnci: 
of  potential  between  it  and  the  current-carrying  brushy 

The  slip  losses  of  3-pha^  motors  can  be  ascertained  either  by 
measuring  the  copper  resistance  and  the  current  absorbed,  or  in  the 
case  of  slip-ring  motors  the  frequency  of  the  rotor  can  be  measured 
by  means  of  a  millivolt  meter. 

Moreover,  against  the  no-load  method  the  objection  ha^  been  raised 
that  under  load  additional  iron  losses  will  occur  in  the  machine  due  to 
distortion  of  the  field,  and  with  a  direct-current  armature  additional 
commutation  losses  occur  in  the  sbort-circuited  coils.  Though  thco- 
nrtically  these  objections  are  well  founded,  they  are  the  less  important 
the  stronger  the  field  and  the  better  the  commutation.  Therefore  the 
better  the  machine  is,  the  ^ess  these  losses  may  be  considered. 

Efficiencies  measured  directlv  and  indirectly  coincide,  as  a  rule, 
within  the  limits  of  the  error  of  the  observations,  which  is  about  i  to 
1*5  per  cent.  The  author  therefore  prefers  tlic  shnple  and  more  exact 
method  of  the  separate  loss  measurements.  It  is,  moreover,  his  opinion 
that  this  method  should  be  used  for  calculating  guarantees,  as  it  is 
important  that  guarantees  should  be  capable  of  being  checked  in  a 
simple  and  unobjectionat>le  manner. 

There  IS  no  difticulty  ni  ascertaining  power  factors*  Due  considera- 
tion should  be  taken  that  possibly  differences  exist  between  the  phases 
in  two  or  three  phase  phuit,  caused  either  l>y  a  slightly  unbalanced  line 
or  in  certain  cases  by  an  unlialauced  motor  winding,  which  frequently 
cannot  be  avoided  if  the  motor  is  designed  so  as  to  tie  separable  into 
two  or  more  parts.  The  sinipte^it  way  to  obtain  the  power  factor  is  by 
the  2*wattmeter  method.  Slight  inaccuracies  of  the  wattmeters  may 
b*;  eliminated  if  necessary  liy  interchanging  them. 

There  i-  no  doubt  that  the  greater  the  value  of  cos  f  ttie  greater 
the  advantage  to  the  owner  of  the  machine,  and  particularly  to  the 
s^upplier  of  euerg\%  but  in  considering  the  question  care  must  be  taken 
(hat  it  h  not  attained  by  reducing  the  air-gap  to  too  tine  a  degree. 

With  an  alternating  current  the  regulation  is  detined  as  the  per- 
centage drop  of  the  voltage  between  no4oad  and  fnlMoad  current  with 
a  certain  power  factor.  In  the  case  of  transformers,  however,  it  is 
u%uai|y  ascertained  by  short-circuiting  the  stcondary  by  an  ampere- 
meter and  observing  in  the  primary  the  voltage  required  to  give  the 
normal  amperes.  But  as  a  particularly  good  regulation  is  essential 
with  transformersjt  should  not  be  obtained  by  reducing  to  a  minimum 
the  distance  between  ihe  high  and  low  tension  coils.  In  comp:iting 
transformers  for  a  very  high  voltage  the  author  would  prefer  one  with 
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ample  distiince  between  the  high  and  low  tension  coils,  even  if  the 
regulation  is  poorer*  Apart  from  special  cases*  such  as  machines  for 
electric  furnaces  or  tramway  machines  to  work  in  parallel  with  buffer 
batteries,  the  closer  the  range  of  the  regulation  of  generators  the  better* 
The  very  small  values,  however,  as  a  rule  are  not  attainable,  on  account 
of  the  variation  of  the  speed  of  prime  movers*  Furl  her  more,  one  must 
not  lose  sight  of  the  fact  that  with  direct-current  dynamos  and  motors 
a  too  great  dejTree  of  regulation  might  produce  oscillations  and 
fluctuations  between  machines  working  in  paraHel^and  small  variations 
of  voltage  will  influence  the  amperes  to  a  great  extent. 

The  overload  capacity  for  motors  must  be  tested  both  as  regards 
starting  and  running.  In  calculating  the  torque  of  alternating-current 
motors  one  must  not  lose  sight  of  the  fact  that  if  the  torque  varies  with 
the  position  of  the  rotor  the  user  has  to  reckon  with  the  lowest  value. 

For  measuring  the  torque  the  most  convenient  method  is  perhaps  to 
start  against  a  spring  l>alance  attached  to  a  rope  passed  over  a  pulle\\ 
and  to  allow  the  motor  to  choose  a  position,  but  more  accurate  results 
are  obtained  by  adjusting  a  lever  in  different  positions  and  allowing  it 
to  raise  a  weight* 

The  overload  capacity  of  alternating- current  motors  is  often  ascer- 
tained in  the  simplest  way  by  lowering  the  voltage  until  the  motor 
ceases  to  run.  In  motors  for  pumpSj  fans,  ventilators,  and  such-Iikc. 
where  a  variation  of  the  torque  will  never  occur  in  actual  service,  it 
is  this  overload  capacity  (stability  when  the  voltage  falls)  which  is  of 
chief  importance  to  the  user. 

Machines,  as  a  rule,  are  not  intended  to  run  with  a  continuous  over- 

load,  though  it  may  be  important  for  them  to  be  able  to  do  so  for  a 

hort  time*    According  to  the  German  Regulations  machines  should,  as 

a  general  rule,  be  tested  with  a  25  per  cent,  overload  for  half  an  hour, 

and  with  40  per  cent,  overload  for  three  minutes* 

It  is  perhaps  enough  if  these  prescribed  conditions  arc  fulfilled, 
and  the  manufacturer  should  not  be  pressed  to  guarantee  heller 
results.  III  building  up  his  machine,  he  should  take  all  precautions  to 
ensure  that  it  works  well  under  normal  conditions,  and  should  not  risk 
mpairing  it  in  this  respect  by  introducing  an  undue  overload  capacity* 

With  continuous  current  machines  the  maker  must  devote  atten- 
tion in  designing  a  machine  to  making  it  run  absolutely  sparklessly. 
Formerly,  when  the  shifting  of  brushes  %vas  usual  for  dynamos,  we 
checked  the  commutation  of  our  machines  by  ascertaining  at  different 
loads  the  most  forward  and  the  most  backward  position  of  Ihe  brush 
gear  before  any  sparking  was  noticed.  This  is  clearly  shown  by  the 
diagram  in  Fig,  19,  taken  from  a  machine  (Fig,  19A)  running  without 
any  sign  of  sparking  from  no  load  up  to  1,400  amperes,  and  without 
any  injurious  sparking  from  no  load  up  to  i,^kx)  amperes,  the  brushes 
being  always  in  the  same  position*  The  neutral  zone  at  no  load  equals 
30°  and  at  full  load  10^.  Even  if  the  driver  shifted  the  brushes  and 
did  not  take  the  best  position  for  the  given  load,  there  is  ample  margin 
for  varying  the  load  without  sparking.    Tests  of  this  description  arc 
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less  im|>ortaat  At  the  present  time^  since  with  compensated  machities  a 
fixed  position  is  guaranteed  by  the  construction  of  ihc  machine* 

A  fairly  good  idea  is  obtained  from  the  commutation  diagram* 
Fig.  20  shows  some  examples  of  comniiUation  curves  laken  from  a 
machine  working  well  and  from  one  working  badly. 

No  doubt  a  sparking  machine  is  bad,  but  even  if  the  machine  under 
lest  does  not  spark,  thisdoes  not  me:in  that  it  is  good.  It  often  happens 
that  a  machine  which  runs,  say*  fairly  well  to<day  will  give  trouble 
after  some  months  of  actual  work.  What  is  required,  and  wiiat  cannot 
be  checked  by  a  mere  test,  is  reliability.  This  rehability  in  the  first 
place  is  guaranteed  by  tlic  strength  of  the  mechanical  construction.    A 
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Fig.  19.— Width  of  Neutral  Zone  at  Varying  Load*    (See  Fig.  igA.) 
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machine  running  well  under  good  mechanical  conditions  may  give 
trouble  if  these  conditions  change  through  wear  and  tear,  just  as  in  test- 
ing the  materials  for  a  machine  w^e  must  not  lose  sight  of  the  fact  that 
the  electrical  part,  although  imporlant,  is  only  a  part,  and  that  a  machine 
to  be  good  must  he  sound  both  from  an  electrical  and  a  mechanical 
point  of  view.  It  is  needless  to  state  that  there  exist  a  number  of 
methods  and  instruments  for  testing  a  machine  electrically*  but  it  is 
rather  more  tlifficutt  to  test  the  mechnniad  part*  The  simplicity 
and  the  exactitude  of  electrical  measurements  are  important  for  the 
progress  of  the  industry^  but  one  Is  apt  to  overestimate  the  points 
i   virluch  can  be  checked  witliout  dilficulty,  to  the  detriment  of  those  which 
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^^V  It  is  necessary  to  have  certain  standards  by  which  to  simplify  and 

W  strengthen  the  manufacture  in  gen^fral.    As  far  as  necessary  in  the 

I  present  paper,  the  author  has  followed  the  German  standards,  partly 

I  bec;4«se  they  are  familiar  to  him,  and  partly  because  he  considers  them 

I  good.      A  machine  must  fulfil  certain   requirementii,  otherwise  it  h 

I  bad.     But  if  these  requirements  are  exceeded,  the  degree  of  excess  is 

H  not   necessarily  a  criterion  of  the  quality  of  the  machine  as  a  whole, 

^^^^  nor  even  of  its  value  in  respect  of  any  particular  requirement  which  may 

^^B^  be  exceeded.    A  500-volt  direct^current  machine,  which  will  stand  a 

■  ; 
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Fit;,  20.— Commutation  Curves  of  Bad  and  Good  Working  Machines. 


3,000-voU  insulation  testp  may  not  have  so  good  an  insulation  as  another 
which  the  manufacturer  would  trust  with  only  i^ooo  volts.  For  such  a 
machine  will  never  be  called  upon  to  stand  3,000  volts  in  ser^iice^ 
whereas  copper  and  coal  dust  and  want  of  cleanliness  in  caring  for  the 
machine  are  conditions  which  are  likely  to  occur.  The  fitness  of  the 
machine  to  withstand  these  may  be  guaranteed  by  a  thoroughly  well-con- 
sidered  design,  based  on  experience  as  to  what  may  prove  the  weakest 
poi  n  t  n  nd  e  r  bad  c  i  re  u  m  sta  ne  e  s.  The  same  a  p  pli  es  to  s  parkJ  e  ss  r  u  nn  i  n  g. 
If  two  new  machines  run  sparklessly  with  a  final  test  within  the 
overload  limits  as  given,  say.  by  the  German  Regulations,  the  experienced 
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designer*  in  comparing  themf  will  not  ask  if  he  can  go  lo  per  cent, 
higher  with  A  or  30  per  cent,  higher  with  B,  but  he  will  ask  how  the 
sparklesi^  running  is  obtained  and  definitely  guaranteed. 

If  wiih  B  the  sparkless  running  is  due  to  a  scrupulously  accurate 
adjustment  of  the  brushes,  to  the  employment  0/  only  a  certain  qualit}^ 
of  bruiih,  or  to  the  absolute  truth  and  steady  running  of  the  bearings  and 
a  highly  polished  commutator,  whereas  if  with  A  it  is  due  to  structural 
details,  such  as  the  use  of  compensation  poles,  ample  dimensions  of  the 
cro>^  connections  and  commutator,  the  designer  will  recognise  in  A  a 
better  machine  in  every  way,  and  even  a  cheaper,  though  its  price 
will  naturally  appear  higher. 

Efficiency  as  far  as  motors  are  concerned  is  very  important  in 
CODnection  with  a  central  station,  where  a  high  price  has  to  be  paid  for 
powder,  but  as  regards  generators  this  point  is  often  Dver*cstimated»  It 
is  not  worth  troubUng  about  one-tenth  of  r  per  cent,  if  it  cannot  be 
checked  with  accuracy  and  if  you  are  losing  efficiency  in  your  engine 
and  boiler  house.  Insist  upon  efliciency  in  your  boiler  house  and 
renounce  a  few  tenths  per  cent,  of  efficiency  in  your  machine,  if  by 
tliis  it  can  be  improved  as  regards  regulation  overload  capacity  or 
safety.  For  instance,  we  often  decrease  to  a  great  extent  the  efficiency 
of  low- tension  direct-current  machines  by  increasing  the  number  of 
brushes.  With  a  lower  number  of  brui^hes  the  machine  would  stand  all 
that  is  required  by  the  specification, and  all  that  can  be  checked  by  the 
test,  but  we  prefer  a  machine  lifted  with  a  greater  number  of  brushes^ 
35  it  will  stand  both  an  overload  and  bad  attention.  The  latter  is  a  very 
important  point,  as  there  is  a  great  difference  between  a  machine 
enduring  a  test  under  testing  conditions  and  being  ahle  to  withstand  all 
irregularities  which  may  happen  in  actual  service,  however  strong  and 
safe  it  may  be  in  every  respect.  Features  like  this  can  only  be 
guaranteed  by  good  design  based  on  ample  exp  eric  nee »  good  selection 
and  checking  of  the  materials,  and  conscientious  work  in  all  matters 
connected  with  the  tendering  for  and  the  construction  and  erection  of 
the  machine. 

From  the  foregoing  observations  it  is  clear  that  one  must  not 
depend  only  upon  measurements  in  order  to  form  a  due  estimate  of 
the  capabilities  of  a  machine,  nor  must  one  regard  it  as  a  better 
machine  the  better  the  values  that  arc  obtained. 

Such  theoretical  calculations  must  always  be  supplemenled  by  taking 
due  account  of  the  constructive  details  of  the  machine,  and  also  of  the 
experience  gained  from  acquaintance  with  machines  of  similar  con- 
siruciion  and  origin.  Hence  the  importance  01  selecting  the  most 
suitable  materials  and  of  testing  them  in  a  practical  manner,  rhere 
ii  alsio  another  personal  reason  whicli  has  led  the  author  to  deal  in  this 
paper  with  the  testing  of  materials  on  the  one  hand  and  the  testing 
ol  machines  on  the  other,  namely,  that  he  may  be  regarded  as 
defending  the  interests  of  the  consumer  in  the  one  case  and  those  of 
the  manufacturer  in  the  other^and  having  come  to  the  same  conclusion 
from  both  points  of  view,  this  may  serve  to  strengthen  his  arguments* 
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Good  factors  cannot  be  based  on  the  amount  by  which  the  standard 
values  are  exceeded^  but  the  practical  points  must  be  considered. 
Where  accurate  measurements  are  possible,  such  measurements  should 
Ik  made  by  all  meuns^ ;  but  at  the  same  time  the  qualities  which  cannot 
easily  be  gauged  and  are  equally  important  must  not  be  lost  sight  of. 
In  all  cases  where  measurements  do  not  sufl'ice  one  must  take  into 
account  the  workmanship,  andj  above  all,  make  use  of  the  experience 
obtained  from  sitnilar  objects  based  qd  the  same  lines* 
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DlSCUSSIOX, 

The  Presiuknt  :  There  are  two  or  three  words  of  explanation  that 
I  should  like  to  make  this  cvenitig.  Most  of  you  know  that  the  questions 
which  are  touched  on  in  this  paper  have  been  discussed  and  considered 
very  fully  by  one  of  the  Engineering  Standards  Committee**  during  the 
last  year  or  year  and  a  half ;  and,  in  order  to  obtain  material  for  their 
discussion^  the  Committee  consulted  a  number  of  gentlemen  in  England 
and  in  other  parts  of  tlie  world,  and  received  from  them  very  valuable 
advice  and  help.  But  from  few,  or  any,  of  those  whom  they  consulted 
did  they  receive  advice  and  opinions  in  answer  to  their  questions — and 
their  questions  were  searching  ones — which  were  of  more  value  and 
interest  than  those  which  were  received  from  our  friend  Professor 
Epstein.  Professor  Epstein  has  now  put  the  information  that  he  had 
so  generously  and  freely  given  to  the  Committee  at  the  disposal  of  our 
Institution,  and  the  paper  which  you  have  heard  read  this  evening  is  the 
result.  We  are  privileged  this  evening  to  welcome  amongst  us  Mr. 
Skinner,  of  the  American  Westioghouse  Company,  who,  on  the  other 
side  of  the  Atlantic,  has  done  at  least  as  much  as  any  other  man  in  the 
country  in  making  tests  and  experiments  of  this  nature.  Mr,  Skinner 
leaves  for  America  in  the  morning,  and  if  he  feels  able  to  say  a  few 
words  now,  or  to  add  anything  to  the  discussion  that  will  take  place 
subsequently,  I  am  sure  the  meeting  will  be  glad  to  hear  him. 

Mr.  C.  E.  SKiXNKie  (Piltsbujg)  :  It  is  certainly  a  great  privilege  for 
one  who  has  taken  a  good  deal  of  interest  in  the  proceedings  of  this 
livstitution  on  the  other  side  of  the  Atlanlic  to  attend  one  of  its  meetings, 
and  to  hear  the  paper  which  has  been  read  this  evening.  I  was  very 
much  interested  in  many  points,  particularly  with  regard  to  what  would 
seem  to  be  the  allowable  temperature  rise  in  machinery.  I  can  hardly 
believe  that  the  Professor  would  be  willing  to  put  out  a  machine  which 
would  have  a  90"  temperature  ri^e*  The  usual  limit  of  rise  of  tcinpera- 
ture  called  for  in  contracts  and  spccihcations  in  the  United  Stales  is 
40"C.,  this  figure  being  adopted  as  the  result  of  long  practice.  There 
seems  to  be  a  tendency  on  the  part  of  users  of  electrical  machinery  to 
force  it  down  to  35^  C.  or  30'' C.  1  may  be  wrong  in  assuming  that  the 
figure  ii5"C.,  given  as  the  limit  at  whicJj  fibrous  materials  may  be  run 
without  deterioration,  is  taken  by  the  Professor  as  allowable  in  electrical 
machinery.  This  seems  to  me  to  be  a  very  excessive  amount, and  that 
long-continued  runs  at  this  temperature  on  the  insulating  materials 
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arc  necessarily  used  in  dynamo  construction  will  certainly  cause  Mr, 
erious  deterioration,  The  result  depends  on  both  time  and  tempera- 
re,  and  the  time  must  be  taken  into  consideration. 
\Vc  have  been  endeavouring  in  America  to  get  down  to  some  sort  of 
i^tandard  specifications  for  the  purchase  of  materials  used  in  construc- 
tion of  electrical  machinery*  In  the  workinj^  out  of  these  specifications 
we  find  that  it  is  absolutely  necessary  that  the  specification  should  be 
satisfactory  to  the  producer  of  the  materials  as  well  as  to  the  purchaser, 
otherwise  we  must  pay  excessive  prices  for  the  materials*  Specifica- 
tions are  sometimes  written  merely  to  describe  a  material,  so  that  the 
manufacturer  will  know  what  the  uiier  of  the  material  wan  Is.  It 
frequently  happens  that  the  producer  of  the  materials  has  no  idea  of 
the  use  to  which  Ihey  are  lo  be  put  ;  consequently  a  brief  specification 
irill  enable  him  to  furnish  the  grade  of  material  best  suited  to  the  work, 
other  cases  we  find  it  necessary  to  specify  certain  qualities  and  to 
Icmand  that  the  specifications  be  met  to  the  letter.  We  lind  it  very 
difficult  to  write  a  specification  for  a  material  without  considerable 
^penmen tal  w^ork  in  the  laboratory.  We  must  make  many  and  long- 
Continued  tests  to  find  the  hmits  which  may  be  imposed  ;  and,  in  general, 
should  make  the  specification  as  lenient  as  it  is  possible,  and  si  ill 
l^ver  the  material  which  is  desired.  Some  of  the  dilficuUies  in  making 
tisfactory  specifications  may  be  illustrated  by  a  story  that  is  told  of  a 
certain  man  who  was  designing  a  submarine  boat.  He  specified  that 
pdl  the  steel  used  should  have  an  elastic  limit  of  300,000  lbs.  per  square 
iaeb.  When  he  was  told  that  it  was  entirely  impossible  to  obtain  such 
•tcel,  he  said  that  his  design  failed  unless  he  got  it.  VVe  are  compelled 
to  take  the  conditions  as  they  exist  and  make  the  best  of  them,  and  we 
^ould  make  our  specifications  cover  the  commercial  conditions  as 
pearly  as  possible. 


Discussion  at  Meetikg  of  December  6,  1906. 

Mr.  W,  H.  Patch  liLL;  I  find  it  is  very  interesting  to  see  the  way  Mr 
lut  Professor  Epstein  has  put  before  us  very  intricate  problems,  and   p***=***^'* 

used  common -sense  where  othei'  people  probably  would  l^ave  used 
Wghcr  mathematics.  One  matter  which  I  have  come  across  in  my 
mpericnce  is  hardly  referred  to  in  this  paper,  namcl)%  in  the  question 
fif  testing,  the  power  behhid  the  test*  In  testing  cables,  for  instance, 
mny  machine  which  has  considerable  capacity  in  it,  it  is  absolutely 

dess  to  set  out  on  that  test  unless  we  have  not  only  pressure  but 
plenty  of  power  behind  it»  because  %vc  may  ^et  a  breakdown  and  not 
be  able  to  follow  it  up*  I  have  had  considerable  difficulty  and  delay 
n  testing  cables  while  obtaining  experience  in  that  direction.  We 
lad  a  faulty  cable,  and  we  could  get  a  kick  00  the  itistrument,  but 
ire  could  not  locahse  the  fault,  because  having  punctured  it  we  had 

;i  power  to  follow  it  up  and  actually  show  the  bad  place  and  point 
pf  failure.    On  page  42  the  author  refers  to  the  desirability  of  machines 


1 


PatdlielL 


64       EPSTEIN  r  TESTING  OF   ELECTRIC   MACHIKERY     [Dec.  6th. 

bt^ing  able  to  stand  surges,  I  take  it  that  tliurt^  he  refers  to  pressure 
surges.  When  we  are  concerned  with  large  plants  and  machines 
working  in  parallel,  the  ability  to  stand  current  surges  is  equally 
important.  There  are  machines  which  will  run  exceHently  by  them- 
selves, but  their  cross  connections,  which  under  the  normal  working  of 
the  machine  are  lightly  loaded,  become  overloaded  during  certain  con- 
ditions which  arise  in  practice*  These  connections  are  sometimes  of 
too  small  a  section,  and  break  down,  so  causing  considerable  trouble  in 
repairing.  I  have  had  machines  which  would  run  most  beaut  if  nUy 
without  a  spark,  and  yet  if  w*e  tried  to  warm  them  for  drying  out  in 
the  way  we  have  been  used  to  for  some  years,  the  internal  connections 
would  give  trouble.  There  may  be  difiiculty  in  arranging  internal 
connections  of  snflVcient  area,  but  I  would  ask  manufacturers  to  bear 
in  mind  that  w^c  have  in  practice  to  deal  with  current  surges  as  well  as 
pressure  surges.  On  page  43  the  author  refers  to  a  matter  which  has 
always  been  a  pet  idea  of  my  owuj  and  says  I  am  to  throw  it  away  1 
It  is  the  question  of  a  high  pressure  test  weakening  a  dielectric.  Many 
points  which  have  come  before  me  have  rather  confirmed^  or  tended  to 
conlirm,  my  belief  that  you  may  strain  and  weaken  a  dielectric,  so  to 
speak,  unconsciously^  just  as  you  may,  when  testing  metals,  exceed  the 
elastic  limit,  and  so  weaken  the  metal  without  knowing  that  you 
have  done  so.  I  have  always  been  under  the  inipresslon  that  a  high 
pressure  test  might  leave  the  machine  or  cable  tested  worse  than 
before  testing.  It  may  be  that  the  danger  1  ha%'e  ;mtici paled  h  really 
due  to  incipient  carbonisation,  so  that  if  you  could  lay  open  or  closely 
inspect  the  cable  you  might  find  that  incipient  carbonisation  bad  set 
up,  which  subsequently  would  shorten  the  path  and  lead  to  a  break- 
down* Professor  Epstein  rather  scouts  that  idea^  and  says  that  as  far 
as  his  experience  goes  he  has  never  held  the  view  that  a  high  pressure 
test  does  weaken  a  dielectric.  In  Fig,  10  some  curves  are  given,  but 
no  reference  is  made  to  time*  That  seems  rather  strange  to  me, 
because  in  Fig.  8  time  is  taken  into  account.  I  should  have  thought 
the  time  also  ought  to  have  been  important  and  ought  to  have  been 
mentioned  with  the  creeping  distance  referred  to  in  Fig,  lo*  On  page 
43  we  certainly  have  a  reference  including  time,  where  15  centimetres 
creepage  in  twenty  minutes  is  mentioned,  so  that  the  Professor  is  quite 
well  aware  of  the  influence  of  time,  and  1  think  it  would  have  been  more 
helpful  if  we  had  had  that  influence  plotted  on  Fig.  10.  With  regard  to 
the  question  of  oil  transformers,  the  result  shown  on  page  49  is  interest- 
ing, but  tliere  is  an  absence,  1  think,  of  any  data  as  to  the  size  of  the 
oil  transformer  either  in  kilowatts  or  inches*  If  we  could  get  some 
idea  of  the  size  of  the  transformer,  it  would  help  us  better  to  appreciate 
the  curves  shown  in  Fig.  14.  I  take  it  that  the  transformer  had  been 
allowed  to  stand  with  the  oil  in  it  and  soak  th roughs  if  I  may  use  a 
conimon  expression j  so  that  the  temperature  at  the  start  was  uniform. 
In  Fig,  14  all  the  curves  start  from  zero,  so  1  take  it  they  were  actually 
allowed  to  soak  before  starting*  There  is  a  very  rapid  rise  at  Ihc 
oil  surface  and  less  rapid  in  the  winding,  and  why  the  bottom  and  the 
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mean — I  am  nol  quite  sure  where  the  mean  is — ^shouM  go  along  with-  Mr. 
out  any  rise  whatever  for  seven  hoars  is  rather  puzzUng.  On  page  51  "*™*"- 
reference  is  made  to  the  efficiency  of  machines*  The  efficiency  is 
very  shorUy  stated  as  the  ratio  between  input  and  output  of  energy. 
1  remember,  when  going  into  the  method  of  testing  the  efficiency  of 
machines  with  Professor  Epstein  some  six  years  ago,  we  made  out,  I 
thinks  six  different  possible  methods  of  testing  the  efficiency,  so  that  it 
would  be  ralher  important  to  know  not  only  what  the  efficiency  is  to 
be,  but  to  settle  before  starting  how  it  is  to  be  determined,  The 
particular  machines  on  which  we  had  such  a  wide  range  of  choice  of 
methods  w*ith  varying  results  w*ere  motor-generators.  The  Professor 
mak^s  a  point  as  to  the  comparative  crudeness  of  mechanical  methods 
of  testing.  I  rememl>er  Mr,  R*  K,  Morconi,  of  Belhs  ^  M  or  com, 
Birmingham^  telling  me  an  interesting  experience  he  had  of  a  test 
wherCj  in  the  absence  of  a  direct-coupled  dynamo,  which  is  the 
simple!^!  method  of  testing  steam  engines,  they  test  with  a  Heenan  and 
Froude  water  brake.  He  checked  with  very  considerable  accuracy  the 
value  of  *' J*  by  the  diagrams  of  the  engine  and  the  heat  put  into  the 
water  brake.  On  page  52  the  question  of  guarantees  is  dealt  with* 
I  think  sometimes  too  much  importance  is  attached  to  guarantees.  It 
is  equally  important  not  only  to  know  the  numerical  value  of  the 
guarantee  but  the  per^nal  equation  of  the  lirm  giving  the  guarantee, 
because  1  think  many  of  us  in  this  room  would  radier  have  one  man's 
yo  per  ccnt»  than  another  man's  gi  percent.  One  of  the  moi^t  important 
poiDts  in  the  paper  refers  to  the  same  question  of  guarantees,  and  is 
dealt  with  on  page  57,  It  is  not  only  important  to  settle  the  guarantees, 
but  it  is  ab^lutely  important  that  there  should  be  easy  means  of  check- 
ing whether  those  guarantees  can  be  sustained  or  not,  in,  as  the  Pro- 
fessor aptly  puts  it,  a  simple  and  unobjectionable  manner.  We  obtain 
many  guarantees,  and  we  cannot  always  tell  whether  they  have  been 
reached  or  not.  The  machine  may  i^tand  up  to  its  work  and  do  it 
without  trouble,  but  it  is  often  commercially  impossible,  without  con- 
siderable difficulty,  to  check  whether  you  have  got  literaUy  what  you 
are  paying  for,  although  practically  you  may  feel  perfectly  assured  that 
you  have  obtained  a  great  deal  more.  Then  I  conie  to  the  question 
ol  reliability.  The  Professor  sums  it  up  in  this  way:  "What  is 
required,  and  wlial  cannot  be  checked  by  a  mere  test,  is  reliability. 
Ttiis  reliabiiity  in  the  first  place  is  guaranteed  by  the  strength  of  the 
mechanical  construction/*  But  1  think  it  goes  a  good  deal  farther  than 
that.  Speaking  as  a  buyer  and  user  of  machines,  we  do  not  want  a 
machine  cut  too  fine  in  creeping  surfaces  and  matters  of  that  sort. 
We  not  only  want  a  strong  shaft  and  plenty  of  bearing  surface  and 
itisulatioUi  but  we  want  a  machine  that  will  not  require  microscopic 
and  hypercritical  cleaning  1  Some  machines  will  run  all  right  at  the 
Icsl  and  if  you  have  a  squad  of  men  looking  after  them  ;  but  machines 
are  called  upon  to  run  under  conditions  which  are  frequently  anything 
but  ideal*  We  may  get  a  machine  which  would  behave  splendidly  so 
long  as  it  was  looked  after  by  skilled  liand&,  but  when  it  gets  out  into 
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a  dusty  and  dirty  place  it  causes  considerabb  trouble.  So  that  we 
want  plenty  of  c re e page  surface  on  a  nmchine^  and  that  creepagc 
surface  of  substantial  construction,  so  that  it  cannot  be  easily  knocked 
away*  1  remember  in  the  old  days  we  used  to  get  commutators, 
where  the  commutator  ring  which  closed  up  the  cone  at  the  end  of 
it  was  iieparated  from  the  commutator  bar  by  perhaps  one-tenth  of  an 
inch.  That  was  beautiful  as  long  as  it  was  clean^  but  it  was  not 
practical.  Then  wc  got  machines  which  had  a  thin  ring  of  mica 
sticking  out  about  an  inch  above  the  commutator  bars.  That  was 
very  pretty  until  somebody  happcticd  to  lean  against  it^  and  then  the 
insulation  was  gone  !  We  want  machines  which  will  actually  stand 
up  to  their  work.  1  have  seen  machines  in  factories  which  will  run 
when  a  can  of  water  is  poured  over  them,  but  I  look  on  machines  hke 
that  as  freaks.  I  remember  testing  an  electric  launch  before  breakfast 
one  morning.  We  went  very  close  indeed  to  a  tug  with  a  big  wash, 
and  wc  came  home  the  last  quarter  of  a  mile  with  the  armature  rtmoing 
under  water,  but  the  last  thing  I  should  have  done  would  have  been  to 
call  that  armature  waterproof  I  On  page  6i  there  is  a  very  instructive 
passage  :  "  Features  like  this  can  only  be  guaranteed  by  good  design 
based  on  ample  experience,  good  selection  and  checking  of  the 
materials,  and  conscientious  work  in  all  matters  connected  with  the 
tendering  for  and  the  construction  and  erection  of  the  machine/' 
Thatt  I  think,  might  well  be  taken  as  the  motto  for  every  manufacturer^ 
and  then  people  who  bought  machines  would  have  a  happier  life* 
On  behalf »  not  only  of  the  users  but  of  the  Institution,  I  desire  to 
thank  the  Professor  most  cordially  for  placing  such  an  excellent  paper 
before  us, 

Mr.  John  S.  Peck  :  I  have  been  much  interested  in  reading 
Professor  Epstein's  paper  There  are  quite  a  number  of  points  on 
which  I  agree  with  the  author,  and  others  on  which  1  disagree. 

On  page  33  it  is  stated  that  the  permeability  of  sheet  steel  is  not  of 
great  importance  in  the  construction  of  armatures  or  transformers. 
This  is  true  in  the  majority  of  cases,  but  where  the  output  of  apparatus 
is  limited  by  the  extent  to  which  certain  parts  can  be  saturated,  as,  for 
example,  the  teeth  of  certain  classes  of  armatures  and  in  low  frequency 
transformers,  high  permeability  is  of  great  importance.  For  single- 
phase  railway  working,  where  very  low  frequencies  may  be  nsed*  it  is 
prot>able  that  for  transformer  steel  the  permeability  will  be  of  more 
importance  than  the  actual  loss. 

On  page  35  the  author  refers  to  the  "  figure  of  loss  "  in  the  measure- 
ment of  sheet  stceL  I  think  that  the  standard  chosen,  i.c,  10,000  lines 
at  so  periods,  is  a  good  one,  and  that  this  standard  should  he  adopted 
in  Great  Britain.  It  should,  however,  be  specified  that  the  loss  is  to  be 
measured  on  a  circuit  having  a  sine  w^ave-form  of  E.M.F.,  as  differences 
in  wave-form  will  frequently  make  10  to  20  per  cent,  difference  in  the 
measured  loss. 

On  page  36  the  definition  for  ageing  is  given,  ft  is  defined  as  the 
percentage  increase  in  loss  after  600  hours  at  a  temperature  of  loo'^  C, 
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It  appears  to  me  that  locj*  is  too  high  a  temperature,  because  there  are  Mr.  Pert. 
very  few  machmes  that  are  operated  at  such  a  high  temperature  ;  85*" 
would  be  a  more  reasonable  value  to  choose.  It  is  a  well- known  fact 
that  steel  which  will  age  at  100°  may  not  age  at  8o%  or  steel  that  will 
age  at  80^  may  not  age  at  65*".  What  the  manufacturer  wishes  to  know 
h  what  guarantee  for  ageing  he  can  make  after  his  apparatus  has  been 
in  service  for  a  certain  icngtl)  of  time.  He  may  know  that  if  his  steel 
docs  not  age  at  loo-Mt  will  not  age  at  85%  but  that  is  not  sufficiently 
CTtAcL  Manufacturers  are  being  called  upon  for  closer  and  closer 
ageing  guarantees,  and  it  is  quite  essential  to  know  w^hat  the  a|*eing 
will  t>e  at  the  normal  working  temperature  of  the  apparatus.  I  hope 
that  when  a  standard  is  adopted — and  I  think  that  a  standard  should 
be  adopted— it  will  be  at  a  lower  temperature  than  too"  C, 

On  page  36  the  author  states  that  insulation  resistance  is  of  relatively 
little  importance.  1  quite  agree  with  this  statement*  Insulation  resist- 
ance measurements  have*  however,  one  use.  They  serve  as  a  rough 
indication  of  the  condition  of  the  insulation.  If  there  is  moisture 
presents  it  will  l>e  indicated  by  a  low  resistance*  Some  manufacturing 
companies  always  take  the  insulation  resistance  of  high-voltage 
apparatus  before  making  an  insulation  test.  If  the  insulation  resistance 
appears  low.  the  apparatus  is  dried  out  before  the  test  is  made.  In 
general  it  is  found  that  where  insulation  resistance  is  low,  it  may  be 
very  greatly  increased  by  proper  drying. 

On  page  38  reference  is  made  to  the  size  of  the  electrode,  and  it  is 
stated  that  since  a  large  electrode  covers  a  greater  surface,  it  touches 
more  wcalt  spots,  and,  as  a  result ^  the  breakdown  voltage  is  reduced. 
1  believe  that  the  capacity  and  heating  effect  of  the  large  electrode  has 
more  to  do  with  the  low  breakdown  voltage  than  has  the  fact  that  it 
covers  more  weak  spots.  There  is  another  point  that  will  greatly 
mfluence  the  breakdown  voltage,  and  that  is  the  weight  of  the 
electrode,  or  the  pressure  at  which  It  ts  applied. 

I  cannot  understand  how  the  connecting  of  condensers  in  parallel 
to  the  electrode  can  make  any  material  difference  in  the  breakdown 
voltage*  It  would  appear  to  me  that  the  lower  breakdown  voltage 
urast  be  accounted  for  by  some  distortion  in  wave -form,  or  by  some 
error  in  the  voltage  measurement.  I  cannot  understand  how  so  small 
a  condenser  can  distort  the  wave*form  to  any  great  extent,  I  should 
appreciate  the  author's  views  as  to  any  explanation  for  the  lower  break- 
down valuer.  I  should  also  like  to  ask  hovv  accurate  temperatures  are 
obtained  on  the  heating  of  insulating  tubes,  as  described  on  page  38. 

The  question  of  nitric  acid  is  touched  upon  at  the  top  of  page  39. 
Inhere  is  a  good  deal  said  at  the  present  time  on  this  subject,  and  while 
I  thiDk  that  there  is  a  possibihty  that  nitric  acid  may  be  formed 
wherever  a  brush  discharge  occurs,  I  do  not  believe  that  a  great  deal 
pt  trouble  is  due  to  this  cause.  I  believe  a  more  simple  explanation 
#ill  usually  account  for  the  trouble. 

Some  twelve  years  ago,  when  our  general  knowledge  of  alternate* 
ctrrent  phenomena  was  somewhat  vague,  it  was  customary  to  chaise 
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Mr.  p«ck.  every  mysterious  breakdown  to  self-induction.  A  few  years  later, 
some  one  jnveated  the  term  *'  dielectric  hysteresis/'  and  for  a  long 
time  that  proved  to  be  a  njost  successful  means  of  explaining  any 
insulation  trouble  which  occurred.  After  dielectric  hysteresis  came 
**  resonance/'  and  even  at  the  present  time  many  apparently  mysterious 
troubles  are  put  down  to  this  cause. 

While  there  is  no  doubt  that  self-induction,  dielectric  hysteresis  (or 
heating  of  the  dielectric  from  whatever  cause),  and  resonance  have 
been  responsible  for  many  breakdowns,  still  I  think  that  a  great 
majority  of  the  troubles  which  have  been  charged  to  these  could  really 
have  been  explained  in  some  much  simpler  w'ay. 

So  it  is  with  nitric  acid.  1  do  not  say  that  there  is  no  trouble  due 
to  the  formation  of  nitric  acid,  but  1  believe  that  such  troubles  are 
small,  and  I  agree  with  the  author  when  he  says  that  if  the  insulation 
of  the  machine  is  properly  designed  to  stand  the  insulation  tests  and 
the  mechanical  stresses  to  which  it  is  subjected,  there  will  be  little 
danger  from  the  formation  of  nitric  acid. 

On  page  40  the  author  refers  to  high  conductivity  brushes,  I  quite 
agree  with  the  general  conservative  view  which  he  takes,  and  while  we 
bear  a  great  deal  at  the  present  time  of  brushes  which  may  be  worked 
up  to  80  and  too  amperes  per  square  inch,  the  conservative  engineer 
is  not  designing  his  machines  with  any  such  densities.  It  may  be 
possible  that  brushes  worked  at  such  densities  will  work  successfully 
on  the  test-bed,  but  with  the  present  limited  experience  in  the  manu- 
facture and  use  of  such  brushes  it  does  not  seem  advisable  to  attempt 
these  abnormally  high  densities  on  commercial  machines. 

On  pages  41  and  42  reference  is  made  to  mica  and  leatheroid.  It 
is  stated  that  mica  is  essential  for  the  insulation  of  high  voltage 
machines,  I  do  not  agree  with  the  author  on  this  point.  Some  of 
the  largest  manufacturers  of  high  voltage  machines  have  entirely 
eUminated  mica  from  much  of  their  high  %'oUage  apparatus*  Others 
use  a  small  amount  of  mica  interleaved  with  fibrous  material. 

Regarding  the  very  heavy  solid  mica  tubes  used  by  certain  manu* 
facturers,  I  am  informed  that  one  well-known  manufacturing  company 
experienced  very  serious  trouble  with  their  high  voltage  machines 
insulated  with  these  tubes  after  they  had  been  in  operation  for  a  short 
time,  and  that  they  had  now  entirely  abandoned  the  use  of  solid  mica 
tubes  and  w^ere  using  paper  and  mica, 

Leatheroid  is  a  very  hard  strong  material,  but  it  cannot  be  handled 
readily  unless  it  is  moist.  When  it  becomes  very  dry  it  is  extremely 
brittle,  and  I  should  hesitate  to  rely  upon  it  entirely  for  the  insulation 
of  any  electrical  apparatus  which  is  subject  to  vibration. 

On  page  43  certain  values  for  insulation  tests  are  given.  I  do  not 
know  whether  the  author  is  in  agreement  with  these  tests,  but  I  certainly 
am  not.  They  are  what  are  called  ordinarily  'Mow-pressure  long-time 
tests,"  and  I  am  opposed  to  this  system  of  testing  for  two  reasons. 
First,  I  think  there  is  a  possibility  that  the  insulation  may  be  per- 
manently damaged  without  actually  breaking  it  down;  and  second, 
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I  do  not  think  that  the  long-time  test  at  low  voltage  is  the  one  that 
shows  best  the  suitability  of  the  apparatus  for  actual  service. 

If  we  test  the  insulation  of  a  machine  for  thirty  minutes  it  may 
Iteidr  and  yet  break  down  after  thirty-one  minytes.  Can  any  one 
IbeLieve  that  if  the  test  had  been  stopped  at  the  end  of  thirty  minutes 
the  insulation  would  have  been  as  good  as  it  was  before  the  test  wa'^ 
applied  ? 

The  author  refers  on  the  same  page  to  a  test  where  static  discharges 
were  observed  creeping  over  the  insulation.  These  discharges  pro- 
duced carbonisation  of  the  dielectric^  and  their  effect  was  gradually 
increased  with  time,  so  that  at  the  end  of  twenty  minutes  they  had 
extended  over  a  distance  of  fifteen  centimetres.  If  the  test  had  been 
stopped  at  the  end  of  twenty  minutes,  would  the  insolation  have  been 
as  good  as  it  was  before  the  test  was  applied  ?  In  the  machine  referred 
to,  the  static  discharge  was  in  such  a  position  that  it  could  be  seen^ 
but  there  is  al^'ays  tiie  possibility  that  a  discharge  may  take  place 
where  it  cannot  be  seen^  and  if  the  apparatus  does  not  break  down 
during  the  test,  it  will  be  left  in  a  w^eakened  condition. 

I  have  seen  an  insulating  barrier  taken  from  between  the  coiis  of 
a  very  high  voltage  transformer.  On  either  side  of  the  barrier  was 
I  small  hole  the  size  of  a  lead  pencil,  while  the  interior  was  carbonised 
and  eaten  away  so  that  there  was  a  hole  in  which  it  was  possible 
to  bury  the  hand.  Evidently  carbonisation  had  been  going  on  in  the 
interior  of  tlie  barrier  where  the  heat  was  greatest  for  a  long  time, 
until  finally  the  whole  barrier  became  so  weakened  that  it  was  pierced 
by  the  voltage. 

To  my  mind,  the  object  of  an  insulation  test  is  to  show  that  the 
insulation  of  the  apparatus  is  in  such  condition  that  it  will  not  break 
down  under  actual  service  conditions.  The  majority  of  apparatus  on 
vhich  the  insulation  fails  docs  not  break  down  because  the  voltage 
IS  increased  by  50  per  cent,  for  a  long  time,  but  because  it  is  subjected 
tnomentarily  to  a  very  high  voltage,  such  as  may  occur  on  a  trans- 
mission line  when  there  is  a  hghtning  discharge  near  it,  when  the 
circuit  h  grounded  or  when  switching  is  done. 

A  long-time  lest  at  low  voltage  is  not  the  proper  one  for  testing 
the  dielectric  strength  of  air  or  of  oil,  or  of  creeping  distance,  and 
when  instantaneous  high  voltages  are  thrown  upon  electrical  apparatus 
it  b  usually  a  discharge  through  air.  through  oil^  or  over  the  surface 
that  breaks  down  the  machine. 

In  testing  the  dielectric,  we  should  endeavour  to  give  the  machine 
the  same  sort  of  shock  that  it  is  liable  to  receive  in  service,  and  this 
b  not  accomplished  by  putting  on  50  per  cenL  excess  voltage  and 
keeping  it  on  for  half  an  hour.  We  should  put  on  a  higher  voltage 
for  a  very  much  shorter  time.  I  believe  that  an  instantaneous  test 
at  double  voltage  will  be  more  valuable  as  a  test  and  more  satisfactory 
to  manufacturer  and  customer  than  a  thirty*minute  test  at  50  per  cent, 
above  normal  voltage* 

Regarding  tests  of  temperature  by  increase  in  resistance  measuj^c* 


Mr.  Peck; 
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Mr,  Peck.  ments,  I  think  that  a.  method  should  be  adopted  by  the  Standards 
Committee  for  calculating  temperatures  from  increase  in  resistance 
measurements*  At  the  present  time  there  is  no  standard  method  of 
making  these  measurements.  Some  manufacturers  use  the  coefficient 
0-4  per  cent,  and  make  no  allowances  for  different  room  temperatures. 
Other  manufacturers  use  a  different  coefficient  and  make  certain 
allowances  for  room  temperatures.  Others  reduce  all  temperatures 
to  zerOj  and  make  various  corrections  and  allowances.  I  hope  that 
the  method  which  is  adopted  wnll  be  a  very  simple  one,  as  I  believe 
that  for  all  ordinary  testing  workj  where  mathematical  accuracy  cannot 
be  obtained^  a  simple  formula,  though  not  absolutely  correct,  will 
prove  more  satisfactory  than  a  complicated  one  which  gives  results 
to  the  third  decimal  place,  when  in  coumiercial  practice  readings  will 
not  be  taken  beyond  the  first  or  second  decimal  place. 

I  agree  with  the  statement  on  page  48  that  temperatures  should 
be  taken  after  stationary  values  have  been  reached,  and  not  at  the 
end  of  a  fixed  period  of  time,  unless  this  period  be  of  sufficient  length 
to  permit  the  apparatus  to  reach  it^  maximum  temperature.  Apparatus 
may  be  very  heavy^  but  very  poorly  ventilated.  After  a  six- hour 
run,  such  apparatus  will  probably  not  have  reached  anything  like  its 
maximum  temperaturei  and  a  six^hour  test  would  not  be  a  fair  one  for 
such  apparatus. 

On  page  49  certain  citrves  are  given  of  oil-insulated  transformers. 
I  have  made  a  large  number  of  tests  of  oil  transformers,  but  I  have 
never  before  seen  an  accurate  curve  which  had  a  hump  in  it  at  the  end 
of  four  hours.  The  temperature  curve  should  be  a  perfectly  smooth 
one.  It  is  well  known  that  wide  differences  in  temperature  are 
obtained  at  different  oil  levels,  as  shown  in  the  curve,  but  it  seems 
remarkable  to  me  that  the  oil  at  the  bottom  of  the  case  should  remain 
cold  for  so  long  a  time. 

There  is  much  truth  in  what  the  author  says  on  pages  49  and  50 
about  operating  temperatures^  but  I  think  he  will  have  great  difficulty 
in  persuading  a  customer  that  a  piece  of  apparatus  with  6d°  rise  will 
have  as  long  a  life  as  another  vvilh  35^  rise. 

On  pages  51  and  52  reference  is  made  to  the  testing  of  alternators 
by  measuring  the  losses  on  samples  of  the  material.  I  do  not  think 
any  one  has  ever  claimed  that  this  is  a  mathematically  exact  way  of 
measuring  the  losses,  but  with  large  alternators  which  are  never 
erected  in  the  manufacturer's  works,  but  are  built  up  in  the  power- 
house with  the  engine,  it  seems  about  the  only  way  to  obtain  the 
losses.  If  the  author  has  any  better  way  to  suggest,  I  should  t>e  glad 
to  hear  of  it.  It  seems  to  me  reasonable  to  suppose  that  an  engineer 
who  is  calculating  machines  every  day,  and  obtaining  results  61 
measurements  on  completed  machines,  should  be  in  a  position  to 
predetermine  the  losses  in  a  large  machine  when  he  knows  the  exact 
quahty  of  the  material  of  which  the  machine  is  made, 
|Mr.Bajncr.  ^If-  ^-  H.  Rayser  :  I  think  a  paper  which  deals  with  the  various 

points  in  electrical  testing  is  one  that  ought  to  come  periodically  before 
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an  institutioii  of  this  sort  as  progress  goes  on.    A  chain  is  no  stronger  Ui.  Rayoer. 

than  its  weakest  link^  and  Professor  Epstein  has  given  us  the  methods 

of  finding  out  the  weakness  of  each  length  in  the  completed  machine, 

I  will,  therefore,  simply  confine  my  remarks  to  those  points  on  which 

I  Have  had  some  little  experience^  and  those  also  on  which  I  hope  to 

have    some   experience    in   the  future*    I    will  first   of  all   refer   to 

page  38,  on  which  Professor  Epstein  deals  with  the  piercing  tests,  and 
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on  which  also  ho  says  that,  by  increasing  the  size  of  the  electrode,  he 
gets  a  reduction  of  u early  50  per  cent,  in  the  piercing  voltage,  and  also 
by  means  of  capacity  in  parallel.  I  should  very  much  hke  to  have 
some  further  details  of  that,  because  it  h  a  matter  in  which  I  am 
specially  interested.  Has  the  author  measured  the  voltage  on  the  high- 
tcasion  side  of  his  transformer,  or  has  he  assumed  the  transformer 
rat]0  ?    That  is  a  very  important  point.    If  he  has  measured  the  Vvgci- 
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tir.  I^;tyjjcr-  temion  voltagii,  ihea  this  great  redaction  in  voltage  of  something  of 
the  order  of  30  per  cent*j  simply  by  putting  a  condenser  in  parallet,  is 
a  very  serious  matter.  Something  tnust  happen.  If  he  measures  the 
high-tension  voUage,  it  must  he  due  to  the  immense  change  of  wave- 
form of  the  machine*  At  the  bottom  of  page  38,  Professor  Epstein 
says  he  fills  the  lubes  with  rods.  Are  they  solid  rods,  such  as  are  used 
in  induction  motors^  or  small  rods?  It  may  make  some  difference  to 
the  piercing  %^oltage.  Then  in  Fig.  8  the  author  gives  two  samplcsi 
A  and  B,  but  he  gives  no  reason,  or  no  subslantial  reason,  why 
sample  A  should  differ  from  sample  B*  Is  it  because  there  is  more 
adhesive  material  in  it^  or  because  it  is  not  so  well  dried  otit  ?  Such 
matters  arc  of  great  interest  to  those  who  have  to  do  testings  On 
page  39  the  author  mentions  that  the  thickness  of  insulation  which  he 
uses  for  mechanical  reasons  up  to  a  voltage  of  ro^ooOj  Is  sufiticient  to 
prevent  the  production  of  oxides  of  nitrogen,  so  that  he  is  on  the  safe 
side.  This  formation  of  oxide  of  nitrogen,  therefore*  is  presumably 
produced  by  a  certain  dielectric  potential  gradient,  and  that  potential 
gradient  it  would  be  very  interesting  to  ktiow.  He  makes  no  mention 
of  the  order  of  that  potential  gradient — whether  it  is  5,000  or  1 0,000 
volts  per  millimetre.  On  page  43  he  refers  to  a  question  which  is 
at  present  of  great  interest  to  us — the  question  of  the  fatigue  of 
material  under  prolonged  stress  at  bomething  under  breakdown  point 
I  imagine  Professor  Epstein  to  mean  that  the  a  pp  heat  ion  produces 
damage  which  is  really  visible^that  there  is  no  mysterious  internal 
weakness  wliich  cannot  be  distinguished  on  any  machine^  but  that 
such  damage  as  may  be  done  by  a  long  test  is  really  visible,  and  may 
occur  in  such  a  form  that  the  insulation  will  break  down  later  on.  Then 
as  to  lield'Coil  temperatures,  the  author's  work  naturally  follows,  or 
rather,  I  believe,  precede Sj  my  own  in  that  direction  ;  and  1  take  this 
opportunity  of  bringing  before  the  1  nstitution  some  further  work  of  my 
own*  which  follows  on  the  paper  I  read  two  years  ago. 

The  diagram  (Fig,  A)  represents  some  tests  on  six  different  field  coils 
of  the  same  shape.  There  are  six  varieties  ot  finish.  Coils  1,  5,  3,  f 
were  on  sheet-mctaS  formers  insulated  from  them  by  two  thicknesses 
of  press-spahn,  except  No*  4*  in  which  thinner  msulation  was  used. 

The  first  coil  was  wound  with  the  cotton-covered  wire  without 
further  protection.  The  second  was  exactly  the  same,  only  it  was 
thoroughly  impregnated  with  white  enamel.  This  has  produced  a 
slightly  lower  temperature  at  the  surface,  and  a  considerably  lower 
temperature  gradient  inside  the  coil  The  third  was  identic^il  with  the 
first  except  that  it  had  a  layer  of  string  round  it  as  a  mechanical  pro- 
tection. Coils  ij  2,  3i  5  had  practically  the  same  resistance  when  cold. 
The  difference  in  the  watts  is  due  to  difference  in  resistance  as  the 
coils  attained  different  temperatures,  all  being  run  in  series.  They 
were  filled  with  cotton  waste  to  simulate  running  conditions  as  nearly 
as  possible.  Coil  No,  4  was  made  by  a  different  firm  and  had  a  lower 
initial  resistance.  On  being  run  in  series  with  the  others  30  5  watts 
were  used,    A  larger  current  was  put  through  it  to  obtain  as  nearly  as 
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possible  the  same  wattaj^e  as  Ko.  i.  This  gav^  the  upper  curve  in  the 
diagram.  This  coil  was  impregnated  with  brown  varntsh,  and  though 
the  winding  took  more  space,  "  bulging  "  considerably  at  the  sides  of 
the  coil,  it  shows  a  flatter  temper^jiture  curve  inside  the  coil  Ihan  No.  i. 

Coil  Xo*  5  was  identical  with  No*  i,  except  that  no  former  wasu^^d. 
The  greater  temperature  rise  is  due  partly  to  iw*o  external  layers  of  un- 
varnished tape,  i-tap  ;  and  perhaps  more  lo  the  absence  of  the  metal 
former  which  has  very  considerable  effect  in  abstracling  the  heat  from 
the  core  side  of  the  coil  and  conveying  it  to  the  flanges  where  it  is 
radiated  awa>%  This  is  confirmed  by  the  fact  that  the  vertex  of  the 
curve  is  very  much  nearer  the  inner  surface  of  the  coil  than  in  the  case 
of  the  other  coils* 

Coil  No.  6  was  identical  with  No*  i^  except  that  a  larger  number  of 
layers  of  a  thinner  wire  were  put  on  it.  It  shows  a  slightly  higher 
temperature  when  run  at  a  slightly  low*cr  w^attage* 

There  is  an  interesting  point  as  regards  these  curves.  The  author 
remarks  in  his  paper  that  it  is  no  use  attempting  to  calculate  the 
conductivities  of  a  coil  from  a  known  value  of  cotton,  copper,  and  so  on. 

If,  howe%'er»  we  take  coils  i,  3,  5,  and  calculate  from  the  curves, 
which  may  be  assumed  to  be  parabolas,"^  ajid  also  assuming  that  the 
heat  I  ravels  radially  outwards,  a  sort  of  mean  conductivity,  ife,  may  be 
obtained. 

Now  this  k  comes  out  in  the  case  of  the  three  coils  mentioned,  whose 
curves  are  somewhat  different  due  to  surface  conditions,  as  00^58* 
0*0057,  ^<^S9-  '*'*'^  problem  may  of  course  be  inverted,  and  having 
found  the  constant  for  a  coil  of  certain  size,  we  may  at  once  fnid  the 
internal  temperature  curve  for  a  similar  coil  with  different  covering  or 
otiier  variation  if  we  know  the  surface  temperature  and  the  watts 
escpendcd  in  it* 


Mr.  Ray 
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dynamos  round  London  of  various  types,  including  turbineSj  and  I  can   Ur.Rayntr. 
_    quite  confirm  that*    By  the  time  a  machine  is  stopped  the  surface 
■    temperature  h  practically  the  same  as  the  inside,  or  rather  the  inside 
I    is  the  same  as  the  outside.    I  found  by  means  of  thermo-j unctions  that 
I    in  some  cases  there  was  a  slight  increase  on  the  surface  if  there  are 
^jBtiti Eating  ducts.    The  heated  air  comes  up  through  the  ventilating 
^FOOCtSj  tending  to  heat  the  outside  and  abstract  the  heat  from  the  inside 
on  the  way.     On  page  49  the  curve  with  regard  to  the  transformer  is 
given*    You  will  notice  that  Professor  Epstein  got  tired,  I  suppose, 
after  eighteen  hours'  testing  of  the  transformer*     I  have  had  several  to 
do  in  the  same  way*    Not  only  did  I  use  the  oil  temperatures^  but  I  put 
about  fifteen  thermo-couples  into  each  transformer,  and  measured  the 
temperatures  right  through  them.     I  know  it  is  rather  a  tiring  job.    I 
could  not  sit  up  for  more  than  eighteen  hour^,  so  I  had  to  put  up  the 
load  during  the  night,  and  so  got  the  steady  state  by  the  morning.     I  did 
attempt  on  one  occasion  to  do  that  curve  quite  corrcctiy,  keeping  the  load 
steady,  but  it  is  rather  too  heavy  a  piece  of  work*     Y'^ou  must  tiave  two 
or  three  people  to  do  it,  because  a  small  change  of  a  half  per  cent*  in 
the  current  is  quite  sufficient  to  put  the  temperature  up  or  down  when 
you  get  near  the  steady  state*    With  regard  to  my  own  work  on  trans- 
formers, I  did  some  with  air  and  some  with  oil*    Those  without  oil 
gave  quite  interesting  curves,  being  very  much  hotter  at  the  top  than 
the  bottom,  as  one  would  expect.     It  would  by  no  means  show  the 

I  highest  temperature  reached  in  an  air  transformer  if  one  took  the 
temperature  rise  simpty  by  resistance,  the  bottom  being  much  colder 
and  the  top  much  hotter  than  the  mean. 

Mr.  S.  EvERSHED  :  When  I  first  read  this  interesting  paper  it 
occurred  to  me  that  perhaps  there  was  hardly  anything  in  it  which  an 
instrument  maker  ought  to  be  allowed  to  discuss,  because  I  noticed 
that  the  title  was  *'  The  Testing  of  Electric  Machinery  and  of  Materials 
for  its  Construction/'  I  do  not  know  whether  instruments  can  pro- 
perly he  called  machinery  ;  but,  in  the  absence  of  the  manuf*icturers 
of  heavy  machinery,  perhaps  I  may  be  allowed  to  put  a  few  points 
before  you,  particularly  with  regard  to  the  testing  of  materials  so  far 

I  as  it  afifects  the  manufacture  of  instruments.  I  confess  to  envying  Pro- 
fessor  Epstein  rather  the  work  which  he  has  undertaken*  Had  he  been 
an  instrument  maker  his  paper  would  possibly  have  been  five  times  the 
Icogthj  because  the  numtier  of  tests  which  an  instrument  maker  ought 
to  carry  out,  in  order  to  manufacture  good  electrical  iustrumcnts,  is 
something  like  Bve  or  ten  times  the  number  which  are  required  in 
making  heavy  plant.  In  Fig.  i  of  the  paper  I  notice,  for  example, 
some  curves  giving  the  errors  in  the  diameter  of  copper  wires.  Those 
departures  from  standard  si^es  may  amount  to  two  or  three  mils.  The 
iostrument  maker  has  to  work  with  wires  and  other  things  which  have 
dimensions  measured  in  mils,  or  even  fractions  of  a  mil  What  is  an 
almost  inappreciable  error  to  the  dynamo  maker  is  the  whole  dimension 

I  to  an  instrument  maker.  Moreover^  when  he  has  measured  those  wires 
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magnetiCi  and  when  he  has  found  out  whether  it  is  magnetic  or  not — 
and  it  usually  is  so — he  haii  to  puzzle  hh  brains  to  find  out  how  to 
make  wire  which  is  non-magnetic*  I  need  not  say  the  wire  manufac- 
turers will  not  do  it  for  him.  The  wire  becomes  magnetic  in  being 
drawn  through  steel  plates,  and  it  must  afterwards  be  made  non- 
magnetic, and  at  present  no  satisfactory  method  has  been  discovered 
for  doing  that.  Again,  when  a  dynamo  maker  starts  to  make  a  dynamo^ 
he  has  a  shaft  to  turn  of  a  considerable  size,  and  consequently  he  can 
put  a  heavy  cut  On  it  when  it  is  in  the  lathe.  He  can  easily  put  on  a 
heavy  cut,  and  still  get  the  diameter  correct  within  a  few  thousandths 
of  an  inch,  But  an  instrument  maker  has  to  turn  an  axle  of  the 
minutest  size,  and  it  has  to  be  equally  correct  in  its  percentage 
accuracy.  Think  of  the  difficulty  of  doing  tliat  w^ith  an  axle  perhaps 
one<eighth  of  an  inch  in  diameter.  It  is  not  strong  enough  to  stand 
up  to  the  tool  when  you  are  turning  it.  You  approach  the  best-known 
tool  makers  in  England,  or  in  the  world,  and  they  immediately  guarantee 
to  supply  a  lathe  which  will  turn  your  axle  within  one4housandth  of 
an  inch  J  or  less.  You  give  the  order,  and  they  promise  to  deliver 
the  lathe  next  week.  They  take  a  year^  and  then  they  write  and  say 
they  cannot  do  it.  At  the  end  of  that  time,  if  you  are  an  instrument 
maker,  you  have  to  find  out  how  to  do  it  for  yourself.  In  short,  we 
get  into  difficulties  from  the  extreme  smallness  of  the  things  we  are 
making.  Take,  for  instance,  insulation ;  we  get  into  unimaginable 
difficulties  owing  to  the  extremely  small  space  there  is  inside  an  instru- 
ment for  insulating  aguinst  high  voltage.  That  would  not  matter  if 
we  were  left  a  free  hand  to  design  instruments  and  make  them  as  big 
as  we  might  desirCi  but  the  consulting  engineer  generally  tells  the 
instrument  maker  what  size  an  instrument  is  to  be.  Take  a  small 
dynamOj  or  a  little  motor  for  driving  a  sewing  machine  or  something 
of  that  sort ;  just  think  of  the  monstrous  disproportion  there  is  between 
the  field  coils  and  the  work  the  armature  is  called  upon  to  do.  I  am 
sometimes  staggered  when  I  work  out  the  ampere-turns  required  to 
excite  such  a  machine,  and  the  weight  of  wire  you  have  to  put  on  it 
All  those  difficulties  vanish  directly  you  make  large  dynamos,  and  1  only 
wish  I  were  in  the  enviable  position  of  Professor  Epstein.  Now  let 
me  come  to  some  points  in  the  paper  which  do  naturally  appeal  to 
instrument  makers.  The  first  relates  to  one  of  the  most  surprising 
things  in  the  whole  paper.  The  author  gives  us  for  tlie  first  time  some 
tests  of  a  new  iron  alloy,  which  has  just  about  half  the  losses  in 
hysteresis  and  eddy  currents  of  any  iron  which  has  ever  been  produced 
before.  I  think  that  is  a  sufficiently  remarkable  discovery.  Where  it 
was  discovered  1  do  not  know."^  1  do  know  that  Messrs.  Sankey,  of 
Bilston,  some  time  ago  introduced  an  alloy  of  a  very  similar  kind  under 
the  name  of  Statloy,  The  two  alloys,  that  which  Professor  Epstein 
mentions  in  his  paper  and  that  introduced  t>y  Messrs.  San  key,  are  so 
very  similar  that  one  cannot  help  suspecting  that  possibly  they  are 

*  ^ly   ignoraticx  has    been   enlightt^ned    since   making  tiicsc  r<?mfirk9t   but    Lb« 
byatercsi^  it  still  hicxtricably  entanjj^led  with  Che  eddy  currents! — S.E. 
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identical.  I  have  plotted  Messrs.  Sankey*s  ctirvcs  on  the  top  of  Pro- 
fessor Epstein's  curves^  and  they  go  very  nearly  one  on  top  of  the 
other,  I  notice  that  the  two  alloys  have  another  property  in  common, 
and  that  is  that  no  one  appears  to  have  separated  the  hysteresis  loss  from 
the  eddy-current  loss^  and  hence  any  one  who  starts  the  design  of  a 
dynamo  or  transformer  with  these  ctirves  before  him,  finds  that  he  is  cora- 
plelely  stumped  at  the  very  outset,  because  unless  he  chooses  to  work  at 
a  density  of  10,000  and  a  frequency  of  50  he  cannot  tell  what  the  iron 
will  do,  I  should  like  to  ask  Professor  Epstein  to  add  a  curve 
cotinecting  the  hysteresis  loss  with  density  of  induction.  Then,  if  we 
knew  the  specific  resistance  of  the  material,  we  should  be  able  to 
estimate  the  eddy-current  losses,  and  thus  get  the  total  loss  at  any 
density  and  any  f^equenC3^  It  is  fairly  obvious  from  the  curves  that 
the  greater  part  of  the  improvement  brought  about  in  this  new  alloy 
is  due  to  the  increased  specific  resistance,  which  diminishes  the  eddy 
currents* 

In  Figi  8  the  author  gives  particulars  of  some  tests  on  mica  tubes 
which  have  been  referred  to  by  other  speakers.  I  only  draw  attention 
to  the  point  because  there  is  a  Uttie  inderiniteness  as  to  the  maximum 
voltage  at  which  the  tests  w*erc  carried  out.  The  paper  states  that 
there  was  a  condenser  in  circuit  and  so  on,  and  one  infers  that  the  tests 
were  done  with  alternating  current.  But  if  they  were,  one  would  like 
to  know  whether  the  figures  given  refer  to  the  maximum  or  to  the 
effective  pressure  ?  I  quite  agree  with  what  the  aullior  siys  on  page 
41  about  the  testing  of  the  insulation.  Mr,  Peck  referred  to  this  subject, 
and  I  am  glad  to  find  myself  in  agreement  with  him  also.  It  does  not 
matter  very  much  how  many  megohms  there  are  in  the  insulation,  but 
it  does  matter  very  much  indeed  whether  those  megohms  are  going  to 
remaiJi  constant  or  not.  That  is  the  reason  for  testing  insulation.  If  you 
find  that  the  insulation  resistance  keeps  constant,  you  may  be  certain 
the  insulating  material  is  trustworthy.  If  you  find  that,  from  day 
todays  the  insulation  resistance  falls,  you  may  be  perfectly  certain  that 
you  will  have  a  breakdown  if  you  do  not  do  something  to  stop  it.  As 
to  the  detection  of  moisture  which  Mr.  Peck  referred  to,  it  is  quite 
true  that  in  most  insulations  the  breakdown  occurs  through  moisture 
getting  in,  and  it  is  for  that  reason  I  have  devoted  a  great  many  years 
of  my  life  to  making  an  instrument  which  detects  moisture  in  insulators 
without  the  slightest  risk  of  breaking  them  down.  One  word  as  regards 
the  risk  of  damage  to  insulation  by  subjecting  it  to  much  higher  tests 
than  the  working  voltage,  I  think  the  analogy  with  the  tests  made 
in  engiDeering  practice,  the  tests  on  bridges  for  example,  is  rather  a 
false  one.  W^hen  a  railway  bridge  has  been  built,  half  a  dozen 
locomotives  are  put  on  it  for  the  purpose  of  seeing  how  much  it 
deflects.  The  deflection  and  the  permanent  set  having  been  noted, 
one  is  able  to  state  positively  that  the  bridge  will  stand  the  working 
load  without  any  risk  of  a  permanent  alteration  in  the  structure, 
Bui  do  we  know  that  definitely  with  reference  to  any  insulator? 
I  do  not  think  it  csm  be  said  we  do.    It  appears  to  me  that^  when  you 
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subject  an  insulator,  which  is  probably  of  the  nature  of  an  electrolyte, 
to  a  high  presiiure,  then  you  may  do  some  permanent  injury  to  it  ;  j*ou 
may  partially  decompose  it — I  do  not  mean  decomposition  due  to 
brush  diiicharges^  but  some  sort  of  electrolytic  decomposition  may  be 
started.  The  longer  you  maintain  the  high  pressure  the  more  damage 
will  be  done*  I  do  not  say  positively  it  is  so,  but  it  seems  to  me  it  would 
be  very  rash  in  the  present  state  of  our  knowledge  to  assert  it  is  not  so, 
and  that  extra  high  pressure  tests  do  no  harm. 

Mr*\\  A,  Fyn's  :  J  think  Professor  Epstein  has  given  us  a  very  good 
insight  into  part  of  the  difficuitics  which  face  the  designer.  Naturally 
his  paper  only  refers  to  one  part  as  its  title  implies.  I  think  we  ought 
to  do  all  we  can  to  help  the  designer  :  and  this  could  be  done  to  a 
greater  extent  than  it  is  in  the  specifications  prepared  by  those  who  use 
machinery  or  who  advise  the  purchasers  of  machinery.  In  periling 
this  paper,  one  comes  to  the  conclusion  that  the  designer  can  hardly 
hope  to  be  successful  in  every  case  unless  he  has  absolute  knowledge 
of  the  conditions  under  which  the  particular  machine  is  going  to  work* 
Those  conditions  should,  I  think,  be  included  more  freely  in  the  speci- 
fications which  are  issued  and  would  advantageously  take  the  place  of  a 
good  deal  of  irrelevant  matter  still  to  be  found  in  many  of  them.  I 
should  like  to  ask  Professor  Epstein  whether  he  has  had  any  experience 
with  the  apparatus  devised  by  Dr*  Dry^idale  for  testing  steel  castings^ 
As  far  as  I  can  make  out,  it  is  a  very  convenient  method^  and  perhaps 
superior  to  the  yoke  method  which  Professor  Epstein  mentions.  As 
regards  the  method  of  ascertaining  the  efficiency  of  dynamoSi  the 
mettiod  proposed  by  Professor  Epstein  is  one  of  the  oldest  known, 
and,  I  should  think,  will  do  very  well  in  the  case  of  a  good  machine  ;  bat 
from  the  point  of  view  of  either  the  consulting  engineer  or  the  con- 
sumer, it  is  not  of  so  much  importance  to  know  whether  the 
manufacturer  lias  succeeded  in  calculating  his  iron  losses,  or  guessing 
at  them  pretty  correctly,  but  it  is  the  over-all  efficiency  which  h 
important.  Probably  the  greater  majority  of  firms  nowadays  make 
a  very  reliable  machine^  but  we  ought  to  have  a  method  of  some  kind 
tiy  which  the  losses  in  a  bad  machine  can  always  be  discovered.  The 
method  advocated  by  the  author  would  not  include  a  good  many  losses 
which  would  occur  in  bad  machines ;  for  instance,  machines  which 
commutatc  badly,  although  they  may  not  spark  at  first.  For  that 
reason,  I  think,  whenever  possible,  one  ought  to  make  an  over-all 
efficiency  test.  It  would,  I  think,  be  very  difiicult  to  improve  on  the 
German  regulations  for  temperature  rise  or  the  methods  of  ascertaining 
it.  1  know  of  a  great  many  excellent  machines  which  have  been 
running  for  years  with  a  tolal  temperature  of  between  qo"^  and  loo^Ci 
and  they  are  now  as  rehable  as  ever.  Thanks  to  the  courtes}^  of  Mr, 
C.  E.  L,  Brown,  I  can  quote  the  case  of  two  ioo-li,H,P.  2-phase  2,000- 
volts  500-revs.  induction  motors  which  I  put  down  for  him  in  1894. 
These  machines  are  in  daily  operation,  and  their  total  temperature 
(as  ascertained  by  a  thermometer  !)  varies  between  about  100°  and 
iicTC.    These  machines  have  never  given  the  slightest  trouble  to  this 
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day  although  they  have  been  moved.    This  shows  that  the  German   Mr.  F^nn 
temperature  limits  may  even  be  exceeded  when  the  machine  is  other- 
wise well  designed.     I  vvouid  not,  however^  advocate  this  ;  I  think  that 
the  German  regulations  are  most  reasonable  in  every  way. 

Mr.  A.  Campbell  :  On  pages  33-35  Professor  Epstein  describes  the 
wattmeter  method  of  measuring  the  "figure  of  loss"  in  iron  sheets^ 
^K^hich  U  much  used  in  Germany  and  to  some  extent  also  in  this 
country.  It  is  well  to  remember  that  when  this  method  is  used  for 
purpose*  of  accuracy  the  following  difficulty  arises.  The  measure- 
qicnts  arc  made  at  a  defmitc  value  of  the  flux-denstly  B  {e,g.j  10,000)1 
wid  this  must  be  the  maximuvf  B  and  (lot  the  effective  or  "root  mean 
square ''  B  for  the  wave-form  used.  The  maximum  B  is  determined  by 
observing  the  voltage  induced  in  the  primary  or  secondary  winding  on 
the  iron  ;  but,  as  the  voltmeter  shouts  the  effective  and  not  the  mean 
value  of  this  induced  voltage,  we  require  to  know  also  the  fonn  fachr. 
To  determine  this  an  oscillograph  or  a  synchronous  commutator  of 
?omc  kind  must  be  used,  for  we  may  make  considerable  errors  by 
i-ssuming  the  wave 'form  to  be  a  sine  curve. 

Mr.  J.  T.  lEAvtx  :  I  wish  to  refer  to  a  method  of  analysing  out  the  Mr,  irwii 
various  losses  that  occur  in  electrical  machinery,  more  especially  to 
those  that  occur  in  ordinary  continuous-current  machines,  so  that  one 
may  be  able  to  judge  accurately  whether  measuring  efficiency  by  the 
Swinburne  method  will  give  a  result  which  is  consistent  with  the 
efficiency  measured  by  the  ordinary  brake  test.  To  do  that  one  wants 
to  find  out  how  the  losses  are  made  up,  whether  the  iron  losses  are 
relatively  important,  or  the  copper  losses.  There  are  a  number  of 
methods  of  analysing  out  the  losses  in  a  machine — for  instance,  the 
method  of  running  from  a  calibrated  machine,  and  measuring  the 
additional  losses  when  one  couples  up  the  machine  to  be  tested.  The 
great  difiBcutty  in  that  case  is  that  one  must  be  very  careful 
completely  to  demagnetise  the  machine  about  to  be  tested  before 
makmg  a  friction  test  on  it,  because  although  one  might  think 
that  the  armature  was  demagnetised  completely  so  that  there  was  no 
voltage  across  the  brushes  in  the  normal  position,  yet  on  twisting 
round  the  brushes  into  some  other  position  one  may  find  not  a  large 
voltage,  but  stiU  a  voltage  which  would  produce  a  certain  amount  of 
hysteresis  and  eddy  current  loss  commensurate  with  the  friction  to 
be  measured.  To  get  rid  of  that  and  to  form  a  simpler  method  I 
produced  this  plan  (see  next  page). 

If  one  puti  an  absolutely  constant  current  on  the  field  magnets, 
and  (taking  the  case  of  a  direct-current  machine)  varies  the  voltage 
acro»a^  Lbc  armature,  plotting  the  back  E.M.F.  against  the  current 
supplied  to  the  iu-mature,  one  gets  a  number  of  points  which  lie  on  a 
Tslraiglit  Hftc  as  shown  on  the  diagram.  That  is  well  known  ;  I  have 
liad  ;i  number  of  tests  made  to  prove  that  that  is  ^o,  and  it  is  also 
welt  known  from  other  tests  that  have  been  carrit:d  out.  If  this  line  is 
,      produced  it  gives  at  zero  E.M.F.  the  current  that  is  required  to  drive 
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speed j  in  other  words^  the  friction  and  hysteresis  torque*  The  increase 
of  current  is  due  to  I  he  losses  that  produce  an  increase  of  torque  with 
increase  of  speed^ — in  other  words,  the  windage  losses,  the  eddy-current 
losses,  and  perhaps  an  increase  of  the  mechanical  friction  with  the 
speed. 

Suppose  one  takes  a  definite  speed,  S,  corresponding  to  an 
E,M.F,^=Vi,  the  area  W^  will  represent  the  energy  spent  at  thai 
speed  due  to  the  hysteresis  and  friction  losses.  The  area,  which  I  will 
call  W3*  will  represent  the  energy  spent  in  turning  the  armature  round 
against  the  eddy-current  and  windage  losses-  To  separate  out  the 
portion  Wi  into  two,  hysteresis  and  friction,  one  puts  a  ditferent 
exciting  current  on  the  fields  making  the  difference  as  much  as 
possible  in  the  two  cases. 

One  gets  a  second  curve^  as  shown  in  the  second  portion  of  the 
diagram.  Supposing,  in  the  second  case,  the  field  is  weaker  ;  then, 
to  get  the  same  speed  S^  a  smaller  E.M,F.  is  required  across  the 
armature.  W^  will  now  represent  the  encrg>'^  spent  in  hysteresis 
and  mechanical  friction.  The  mechanical  friction  at  the  same  speed 
will  be  the  same  in  l>oth  cases.     Therefore  one  gets^ 
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since  the  hysteresis  loss  varies  directly  as  the  speed  and  as  the  r6  pouw?? 
of  the  induction,  and  the  induction  is  proportional  to  the  E,M.F.  at  a 
definite  speed.  Subtracting,  one  gets  rid  of  Ki  S,  and  can  get  at  once 
K%,  and  can  solve  for  Ki  in  the  equations.  The  value  of  Kt,  multiplied 
by  the  speed,  gives  the  mechanical  friction  at  any  speed. 

Similarly  it  is  possible  to  separate  out  the  eddy- current  losses. 

W,  =  K3  S'  +  K,  S^  V,* 

%VindagL%    Eddy  Ctarcut 
Una, 

\\^  =  K3S^+K,S=V,^ 
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One  can  easily  get  rid  of  the  windage  term  by  subtracting  and  Mr,  itwin, 
getting  an  equation  for  K^,  and  can  therefore  get  the  value  of  K^. 
That  gives  ail  the  constants  which  will  determine  tlie  losses  in  the 
machine  in  a  very  simple  manner.  K^  may  not  be  due  to  windage 
alone,  but  m;ty  depend  on  increase  of  the  mecivanical  friction  with 
the  speed.  The  hru^^h  friction  may  be  separated  from  the  bearing 
friction  by  raising  a  number  of  the  brushes  and  otiserving  the  decrease 
in  driving  current. 

Dr.  GisBbRT  Raih'  (commufficatcd) :  Last  September  I  had  the  Dr.  Kapp. 
advantage  of  making  some  tests  with  the  author  s  apparatus  (Fig.  4) 
in  his  laboratory  at  Frankfurt,  and  found  for  *' alloyed  iron  "values 
for  tlie  figure  of  loss,  which  agree  fairly  well  with  the  dotted  curve 
in  Fig.  6.  I  then  ordered  a  quantity  of  this  material  from  the  same 
maker,  and  a  sample  was  analysed  by  Professor  Turner  in  the  Metal- 
lurgical Department  of  the  University  of  Birmingham.  As  it  may 
interest  members  to  know  the  composition  I  give  here  Professor 
Turners  figures  i — 
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The  curves  of  iron  losses  given  in  Fig.  16  are  not  directly  com- 
parable, because  some  refer  to  the  loss  found  in  testing  samples,  and 
others  (notably  the  author's  and  Hobart's  curve)  refer  to  the  loss 
occurring jn  the  finished  machine.  We  all  know  that  addilional  losses 
take  place  in  the  machine  under  load,  and  the  only  question  is  how 
this  addition  shall  be  estimated.  Some  engineers  calculate  the  losses 
on  the  basis  of  the  loss  fonnd  in  the  laboratory  test^  and  then  make 
an  addition  to  the  calculated  loss  to  allow  for  distortion  of  the  field, 
unequal  distribution  of  hnes,  and  curving  of  lines :  other  engineers 
add  a  percentage  to  the  laboratory  figure  and  make  then  no  further 
addition  (o  the  total  calculated  loss.  The  author  seems  to  favour  the 
latter  method,  but  then  he  ought  not  to  have  put  my  curve,  to  which 
tto  addition  has  been  madCj  itito  the  same  diagram  with  his  curve  to 
which  Ihe  addition  has  been  made.  For  the  same  reason  Fig.  17 
is  aJ*a  misleading,  for  my  curve  has  been  applied  without  correction^ 
Allowing  for  the  difference  in  frequency,  the  full  curve  in  Fig.  6  agrees 
;i)niost  exactly  with  my  curve  in  Fig.  16.  Yet  it  would  be  wrong 
to  use  either  curve  without  correction.  The  only  quesilion  is  as  to  the 
correcting  factor  I  have  found  that  an  addition  of  50  per  cent,  to 
the  lots  as  calculated  from  the  sample  is  a  fair  average  and  loo  per 
cent,  an  outside  hgurc,  whereas  the  author  s  curve  shows  additional 
losses  of  about  300  per  cent.  It  would  be  instructive  to  have  the 
Vol,  B$,  0 
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author's  explatiatiou  for  this  enormous  discrepancy  between  lib  cun^e 
in  Fig.  6  and  his  curve  in  Fig.  i6. 

On  page  48  the  author  recommends  the  thermometer  for  testing 
the  temperature  rise  of  an  armature,  and  says  that  resistance  tests, 
especially  in  the  case  of  series- paiaUel  armatures,  arc  complicated  and 
inacciiraie.  I  have  found  the  contrary.  The  thermometer  is  a  very 
misleading  instrument.  On  the  other  hand,  there  is  no  difficulty  \n 
measuring  percentage  increase  of  resistance  by  a  potent ionictric 
method,  even  in  the  case  of  series* parallel  windings*  A  known  current 
is  sent  through  the  armature  and  the  voltage  drop  is  measured.  It  is, 
of  course,  not  perfnissible  to  measure  the  drop  over  the  bx'usheSp 
because  the  uncertainty  of  the  contact  resistance  of  the  bru.sh  contacts 
would  vitiate  the  result :  neither  is  it  permissible  to  leave  all  the 
brushes  on,  since  the  dififerent  brushes  may  have  different  contact- 
resistances,  so  that  the  current  may  not  equally  divide  between  Ibc 
parallel  armature  circuits.  These  difiiculties  can,  however,  be  elimi- 
nated in  a  very  simple  way*  We  need  only  slip  paper  under  all  the 
brushes  except  one  positive  and  one  negative  brushy  take  out  on 
those  brush  spindles  one  positive  and  one  negative  carbon,  and  set 
the  potential  points  in  their  places  on  to  the  commutaton  The  drop 
of  potential  between  these  two  points  can  then  be  measured  by  a 
milUvoUmcter,  or,  better  still,  by  a  potentiometer.  If  this  test  be  made 
in  the  same  way  before  and  after  the  run,  the  ratio  between  the  two 
readings  is  the  ratio  between  the  armature  resistances  l>efore  and 
after  the  run.  Since  w^e  are  only  concerned  with  a  percentage  increase 
of  resistance  we  need  not  trouble  about  determining  the  absolute  value 
of  the  resistance,  but  even  this  can  be  found  for  a  lap- wound  armature 
in  a  very  simple  manner.  If  the  apparent  resistance  as  measured  by 
the  potentiometer  in  the  manner  above  described  be  unity^  then  the 
real  resistance  of  the  whole  armature  is  i  for  a  4-pole,  I  for  a  6-pole, 
\  for  an  8*pole  machine,  and  so  on. 

On  page  57  the  author  recommends  a  miUi voltmeter  for  measuring 
the  slip.  If  5.uch  an  instrument  be  not  at  hand,  an  ordinary  pocket 
compass  may  be  used.  It  is  only  necessary  to  hold  it  near  one  of  the 
leads  connecting  the  slip-rings  with  the  starting  resistance  and  to 
count  the  oscillations  of  the  needle  in  a  given  time.  With  the  usual 
frequenc}'  of  50  this  method  is  easily  applied  up  to  4  or  5  per  cent, 
slip. 

Mr.  W,  M.  MoRDEY  (comma nkakd)  :  The  new  iron  alloys  referred 
to  by  the  author  are  of  very  great  importance.  The  credit  of  these 
alloys  belongs  to  England.  They  were  made  and  their  properties 
discovered  by  Hadtield  and  Barrett  A  great  deal  of  work  has  been 
done  on  them  during  the  last  few  years  to  obtaiu  uniformity  and  to 
get  the  best  results.  These  further  improvements  have  been  effected 
by  Hadfiekl  and  Sankey,  who  have  for  some  time  been  supplying  this 
material  under  the  name  of  "  Stalloy/'  As  I  have  had  to  do  with  this 
material  in  an  advisory  way,  1  may  perhaps  supplement  the  author's 
brief  reference  to  it.     His  Fig.  6  is  very  striking,  but  still   more 
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strikiJig  are  the  curves  for  different  thicknesses.  As  compared  with  the 
best  transformer  u^on  the  *' StaUoy ''  curve  is  unexpectedly  flat.  It  is 
nearly  a  straight  line,  rising  very  slowly.  The  practical  importance 
of  this  is,  of  course,  very  great,  as  it  follows  that  lamination  need  not 
be  carried  down  to  anything  like  the  degree  necessary  %vith  ordinary 
tnagnelic  iron.  One  or  two  figures  may  he  given  to  illustrate  this. 
First,  for  the  same  thickness  :  at  a  thickness  of  0*024  in,,  the  total 
{energy  loss  in  the  new  material  is  less  than  one-half  what  it  is  in  the 
best  obtainable  iron.  Second,  for  the  same  loss  ;  ordinary  practice 
is  to  use  iron  sheets  of  0*014  *^^'  thick.  The  new  material  of  0-05  in, 
thick  gives  about  the  same  loss  as  the  0014  iron.  Both  ill tisf  rations 
are  at  10,000  B,  50  r\J. 

The  r*^sults  given  in  the  author's  Fig,  3  for  permeability  are  much 
worse  than  ours  here,  for  the  new  material,  especially  in  the  lower 
part  of  the  curve. 

It  is  interesting  that  this  new  material  should  have  been  produced 
just  when  it  is  wanted  for  new  developments  of  alternate- current  workj 
such  AS  in  the  construction  of  laminated  alternate-current  motors. 
The  effect  on  transformer  design  will  also  be  very  marked,  a  gain  of 
50  per  cent,  or  more  in  output  resulting  from  hs  use.  This  is  on  the 
assumption  that  the  magnetising  loss  and  the  maximum  temperature 
are  kept  the  same  for  a  given  size  transformer. 

I  am  interested  to  learn  that  our  German  brethren  are  now  adopting 
English  practice  in  many  electrical  matters.  An  exchange  of  ideas 
and  information  on  this  subject  cannot  fail  to  be  very  useful  in 
removing  some  common  misconceptions  as  to  the  relative  position 
otlhe  iwo  countries.  On  the  question  of  iron  testing  the  author  refers 
to  the  **  modern  and  better  practice  **  of  measuring  the  total  energy  loss 
in  iron  and  not  merely  the  hysteresis.  That  has  been  the  recognised 
roethod  iti  this  country  for  at  least  sixteen  years,  and  for  a  similar 
period  we  have  made  use  of  the  plan  referred  to  by  the  author 
Of  testing  iron  on  delivery  for  total  loss  and  not  waiting  until  it  got 
the  machine.  We  went  further  than  that  sixteen  years  ago  by 
ig  standard  conditions  for  testing  iron,  namely,  2,500  B,  50  rv, 
0'OI4  in.  thick,  watts  per  pound,  0*38,  and  paying  under  a  bonus  and 
pcn^ty  arrangement  above  or  below  the  fixed  price  according  to  the 
results  of  the  waltmetcr  test  for  total  energy  loss. 

The  author  refers  more  than  once  to  the  Steinmetz  coefticient  and 
Ihe  SleinmetjE  law  of  the  hysteresis  being  3=  B'*,  It  may  interest  him 
to  know  that  the  total  energy  loss  also  follows  a  B*'*^  curve* 

Mr.  H,  H.Broughton  {commit nkaicd) :  I  should  hke  to  ask  Professor 
Epstein  if  he  has  noticed  in  any  of  his  experiments  on   insulating 

L materials  any  signs  of  didedrk  fadgut  with  age.  The  constant  break- 
down of  high-tension  plant  designed  with  ample  factors  of  safety  with* 
out  apparently  any  cause  leads  one  to  believe  that  insulating  materials 
arc  liable  to  become  fatigued,  I  would  suggest  that  an  engineer 
with  apparatus  at  his  disposal  should  verify  this,  taking  a  series  of 
specimens  and  heating  them  by  applying  the  normal  voltage  ;  then 
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ailowing  tKem  to  cooi^  and  rc-beating  continually  for  several  weeks  or 
months^  breaking  down  specimens  each  week,  and  noting  if  the 
dielectric  strength  diminishes  under  this  treatment, 

Mr,  F,  C REEDY  {commurucaUd) :  In  connection  with  Professor 
Epstein  s  remarks  on  the  calculation  of  the  losses  in  dynamo-electric 
machines,  I  think  it  may  be  of  interest  to  put  before  the  Institution 
certain  methods  for  the  calculation  ol  the  losses  which  I  have  found 
useful  in  designing  induction  motors.  I  recently  had  occasion  to  calcu- 
late a  batch  of  induction  motors,  containing  nearly  fifty  designs,  and  I 
found  it  very  difficult  to  ascertain  in  a  simple  manner  the  precise 
effect  on  the  characteristics  of  the  motor  of  a  change  in  the  general 
proportions,  say^  for  instance,  a  change  in  the  ratio  of  diameter  to 
core  length.  One  may  ascertain  d'l  by  means  of  output  coefficient 
formulae,  etc.,  but  there  seems  to  be  no  recognised  means  of  pro- 
ceeding furlhefj  except  that  of  trial  and  error,  which  becomes  in- 
sufferably tedious  when  dealing  with  such  large  masses  of  calculation. 
The  simplest  way  out  of  the  difficulty  seemed  to  be  to  work  out  from 
the  first  principles  of  the  magnetic  circuit  a  few  formulaj,  expressing 
the  iron  and  copper  to.sses  in  terms  of  the  fundamental  dimensions 
of  the  machine,  Le.,  the  pole  pitch,  core  length,  etc.  These  come 
out  in  a  surprisingly  simple  foruip  as  is  usually  the  case  in  formulae 
derived  from  first  principles* 

I  obtained — 


Iron  losses  =  0^44  x  10    ^  X  V^  (*,  Lf  -f-  y  r*) 


and— 


K  V  A* 

Copper  losses  ==  416  -  '-/-t  (a  +  A,)«, 

V  \  ■'  S 
The  significance  of  the  various  symbols  is  (all  dimensions  in  cms,):— 

K,V,A.  ^  R*M.S,  kilo  vol  tamper  es  input. 

V^         =  max.  magn,  current  per  phase  X  max.  volts  per  phase/ 

equiv.  air-gap. 
L^         =  tooth  length. 
y  ^  pole  pitch  at  gap/4  x  core  depth, 

k^  s^  Tooth  pitch/tooth  width  (mean). 

r,  ^  pole  pitch  taken  at  the  mean  diameter  of  core. 

A  ^  R.M-S.  current  density  in  stator. 

Ag  =£  R.M.S.  current  density  in  rotor, 

S  =  synchronous  speed  (rev.  per  min.). 

m  =  length  of  mean  turn/perimeter  of  square  of  same  area 

as  pole. 


ise/ 

i 


and  \  =  gross  core  length. 


air-gap, 
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a  is  dearly  a  function  of  X/r  alone,  so  the  most  convenient  way  to   Mr-  Cr<edy. 
ascertain  it  when  this  ratio  is  given,  or  the  converse,  is  to  plot  a  curve 
betweep  a  and  A/r,  which  may  be  done  ooce  and  for  all,  and  then  use 
the  cmrvc  for  reference. 

The  most  striking  feature  of  these  forninlae  is  that  the  iron  losses 
arc  absolutely  independent  of  the  core  length,  while  the  copper 
losses  depend  only  on  the  ratio  of  the  core  length  to  the  pole  pitcli. 
On  reflection  the  cause  of  this  is  clear.  If  the  core  length  were, 
say*  doubk'd,  and  if  wc  wish  to  retain  the  same  magnetising  volt- 
am  percs^  the   flux  must  only  be   increased   ^2  times.    The  density 

will  then  be  reduced    -^  times,  and  hence  if  the  turns  per  pole  do 

not  var)%  the  magnetising  current  will   be  reduced   to   -  7=  times  its 

former  vjlue.  But  tlie  volts  will  now  havu  been  raided  J 2  limes, 
And  hence  the  magnetising  volt-amperes  will  be  the  same  as  before, 
U  the  flux  had  been  increased  by  more  than  this  ratio,  the  volt- 
amperes  w*ouid  have  increased,  if  by  less,  they  would  have  diminished. 
But  if  the  quantity  of  iron  is  doubled,  and  the  density  reduced  to 
^  limes  its  former  value,  the  iron  losses  will  be  unaltered  if  w*e 
a^ume  that  tltey  are  on  the  average  proportional  to  the  square 
of  the  density.    The  reasons  for  this  assumption  are  given  below. 

Again »  the  iron  losses  are  independent  of  the  frequency,  if  the 
magnetising  volt -amperes  arc  kept  constant.     If  the  frequency    is 

doubled  and  the  flux  density  reduced  to  — p  times  its  former  value, 

it  will  easily  be  seen  that  the  magnetising  volt-amperes  are  the  same  as 
before.  But  the  losses  are  not  halved  as  they  would  have  been  in  the 
fomicr  case,  but  on  account  of  the  doubled  frequency  they  are  the 
fame  as  before.  Thus  we  sec  that  the  '*  magnetising  volt -amperes 
per  cm.  of  equivalent  air-gap "  form  a  true  measure  of  the  iron 
losses.  With  the  aid  of  these  formula?  (and  also  an  estimate  of  the 
friction  losses)  one  can  prt.'cletermine  the  efficiency  and  heating  of 
a  design  of  given  proportions  without  any  difficulty.  For  instance, 
suppose  it  is  required  to  design  a  machine  whose  efftciency  is  speci- 
fied at  half  and  quarter  load  as  well  as  at  full-load.  The  magnetising 
current  is  readily  predetermined  from  the  power-factor  or  overload 
capacity  which  it  is  desired  to  attain.  Hence  we  know  the  mag- 
netising volt-amperes.  It  is  easy  to  determine  wliat  must  be  the 
relative  proportions  of  the  variable  and  constant  losses  in  order  to 
gbtain  the  required  cfliciencies.  Having  ascertained  this^  we  may 
determine  the  pole  pitch,  core  depth,  etc.,  from  the  iron  loss  formula, 
bearing  in  mind  at  the  same  tune  the  requirements  with  regard  to 
leakage,  and  then  the  core  length  from  the  copper  loss  formula. 
Other  uses  of  these  formulae  will  suggest  themselves  to  any  designer, 
It  may,  perhaps,  be  of  interest  if  I  give  the  derivation  of  th<?s^ 
formula, 
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(Hr.  Gr«ed7.  DERIVATION   OF  THE   FoHMITLjB  FOR  IRON  AND  COPPFR  LOSSES 

m  AN  Induction  Motok. 
Besides  the  symbols  already  gJvenj  wc  shall  require  the  following : — 

:=  max,  gap  density^  ^c  ^  max*  core  density. 

ss  "  Figure  of  loss  "  of  the  iron  per  ex.  reduced  to  unit  frequency 
and  unit  induction. 

^  resistivity  of  copper. 

^  reluctance  of  a  magnetic  circuit. 

^  resistance  of  an  electric  circuit. 

^  turns  per  pole, 

^  maximum  magnetising  current* 

^  maximum  counter  E.M.F, 

=  maximum  flux  in  webcrs  (i  weber  ^  lo"  lines). 

^  current  density  in  copper. 
A,  tj  ^  area  of  a  magnetic  or  an  electric  circuit, 
L,  /   ^  length  of  same. 

^       sE  permeability  of  iron  (if  the  flux  is  in  weberS|  the  permeability  of 
air  may  conveniently  be  taken  as  lo*""). 

=  full  load  current  (RM.S.). 

^  number  of  poles. 

^  frequency. 

=:  ratio  of  effective  area  of  bore  to  total  area. 

The  simplest  method  of  deducing  the  required  formula  is  to  take 
advantage  of  the  very  close  analogy  between  the  electric  and  magnetic 
circuits.  For  alternating  fluxes  this  may  be  extended  to  cover  Joule's 
law  as  well  as  Ohm's  law.  To  make  the  analogy  evident  I  set  out  the 
equations  of  the  two  in  parallel  columns. 


R 

r 
T 

i 

M 
A 


Magndk  CircuiL 
We  assume — 

Watts  lost  per  ex.  =  p.  ^7     .     (i) 
Total  wattii  lost 

=  vol.  of  iron  X  pi  ^f .    (2} 
<:  =  2^/TM      .     .    (3) 

Mf  =  2ir/^jRM. 


(4) 

Substituting  from  (4)  in 

(3)" 

i.e  =  2  It  J  M' 

R  .    , 

(S) 

M'  =  /3'A" 

■  ■  ■ 

(6) 

^A 

.  .  . 

(7) 

Substituting— 

i,£^2^/fift*  X 

AL  . 

(8) 

1  if  s  2  TT  /4  X  voJ.  of  iron 

XJ3'/  (9) 

Substituting  from  (3)  in 

(9)- 

r 
if 


I  £  =  p,  A""  X  a  / 


I  c  X  -^  =  total  watts  lost  ,  (lo) 
2ir^ 


t  e  =.  total  watts  lost    ( loit j 


Elecirk  CmmL 

Watts  lost  per  c*c.  =  p^  4="    ,    (it*) 
Total  watts  lost 

=  vol.  of  Cu  X  p,  A" ,     (la) 


(8a) 
If  =  p,.  X  vol  of  Cu  X  A'  (9a) 
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It  siioutd  be  noted  here  that  the  above  equations  implicitly  assume    Mj.  ctt^~ 
that  both  the  magnetic  circuit  and  the  electric  circuit  are  of  constant 
cross  section  and  of  constant  resistivity  or  permeability  at  all  parts. 

Let  us  now  introduce  the  iissumption  which  is  characteristic  of  the 
induction  motor,  viz.,  that  the  whole  reluctance  h  concentrated  in  an 
;dr-gap  slightly  augmented  to  take  account  of  the  reluctance  of  the  rest 
of  the  magnetic  circuit.  Let  us  also  assume  that  the  effective  area  of 
the  bore  is  t  times  the  total  area  and  that  /i  =  lo^^* 

We  now^  have  as  bef ore^^ 

,.^  =  =  ir/M^R     .,.....,,  (5) 

"^^C)"'^^'"^' <^) 

tof  the  flux  is  now  supposed  to  be  sinusoidally  distributed* 

Hfuce— 

I,  If  ^  -  f3J  A  -  X  lo*, 

W  I 

But,  as  before — 

Losses  =  p.^//x  AL  f-j  (2) 

Hence  stibstituiini* — 

Losses  =  L^X  J^io-^     ......    in) 

Thr  effect  of  Ihc  alot-opemngs  in  increasing  the  reluctance,  which 
i;!*  expressed  by  the  factor  i,  is  clearly  equivalent  to  an  increase  of  air- 
gap  in  the  ratio  j/t.     Hence  we  may  substitute^ 

where   V,  =  *'m;ign.   volt-amperes    per    cm.   of   equivalent  gap,"   as 
de&ncd  above. 

Lastly,  if  the  cross  section  of  the  magnetic  circuit  during  some 
pcrlion  of  its  length  is  reduced  to  k^  times  that  at  the  air-gap  it  is  clear 

ttial  the  density  will  be  raised  proportionally  to  r .    Since  the  losses 

per  cubic  cm.  are  proportional  to  /J^  they  will  be  raised  proportionally 

to  * ,    But  since  the  volume  of  llie  iron  has  been  reduced  A^-foJd  the 

totaJ  losses  wilt  only  be  raised  proportionally  to  r-. 

Hence  finally :  If  the  area  of  any  length  of  a  magnetic  circuit  be 
4#  times  the  corresponding  gap  area  the  losses  in  that  length  will  be — 

Losses  =  -  \%  ~  10^". 

A,  2  IT 
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^Mr.  Cr«*dy,    Now,  U  vvc   neglect  for  thu  present  the  iron  losses  in  the  rotor  the 
magnetic  circuit   of  the  induction  motor  may  be  divided  into  Iwo 
portions — the  teeth,  and  the  core  behind  them. 
In  the  case  of  the  teeth  we  have — 


I tooth  pitch . 


In  the  case  of  the  core  we  have- 
core  density  ^=  — ^ —  ^7  X  avcrai^c  i^ap  density. 

^       2-core  depth  &    &  *  j 

.  core  depth  ^  , 

bore  area  s=  — j —  r  .    x  area  of  one  pole, 
pole  pitcri 

This  may  be  easily  seen  from  a  diagram. 
In  this  case,  then^ 

1  ^    /  pole  pitch   y      core  depth pole  pitch 

kt      ^  ^^  ^2'Core  length/         pole  pitch       4-Corc  depth" 

It)  order  to  give  results  agreeing  w*ith  the  usual  assumption  that  the 
core  densitj"  is  uniform  throngliout,  I  assume  that  the  length  of  the 
magnetic  circuit  per  pole  is  equal  to  the  mean  pole  pitch  taken  at 
the  centre  of  the  core* 

Hence  we  get  as  above- 
Total  iron  losses  =^  115  ^  \\{fit  ^t-^  y  ^f)  *<>"*' 

o 

The  factor  1-15  \s  intended  to  allow  15  per  cent,  for  the  rotor  losse^j. 

Now  if  we  write  pj  ^  240^000  (it  must  be  remembered  that  ^  is  in 
webers  per  sq,  cm.)  we  get — 

Total  iron  losses  ^  0-44  x  lor^  \\  {kj  L,  4-  y  r^)^ 

as  given  above. 

It  may  be  doubted  whether  the  assumption  that  the  losses  arc  pro- 
portional  to  ^3'/  is  legitimate.  For  instance,  in  some  cases  the  losses 
are  more  nearly  pi  oportional  to /%     H  this  is  so  we  need  only  define 

V,  :=  *-^  /  lo  escape  from  the  difficulty, 

I  give  a  Uble  of  the  losses  per  kg.  taken  from  Professor  Epstein's 

curve  and  those  calculated  from  the  nearest  parabolic  curve.  It  will  be 
seen  that  tht-  maximum  deviation  is  not  greater  than  about  15  per  cent. 
It  is  useless  lo  attempt  a  higher  degree  of  accuracy  when  the  curves 
given  by  different  authors  vary  among  themselves  by  100  per  cent-  or 
more.  Such  an  error  will  not  cause  a  deviation  of  more  than  i  per 
cent,  in  the  total  efficiency. 

It  must  be  remembered,  moreover,  what  is  the  principal  object  of 
this  formula.  It  is  to  obtain  a  preliminary  estimate  of  the  efficiency, 
whereby  the  effect  of  different  methods  of  dimen&ioning  may  be 
checked, 
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After  the  calculation  is  completed  and  fi  found,  we  may  apply  a  Mr,  Creedf^ 
corrcctioo  to  the  formula  by  multiplying  the  iron  los?>es  so  found  by 
the  ratio  betsvecn  those  given  by,  say,  Professor  Kpateiii*^  curve^  and 
those  given  by  the  formula  at  the  same  flujt  densily. 

However,  even  if  we  assume — 

Iron  losses  s=  p,  jS"*/"*, 

which  should  surely  be  geucral  enough,  Hie  formula  is  not  very  much 
complicated.     Wc  have  now  to  substitute  for  \\  the  expression — 


^■■  =  (nr 


t^e 


vol*  of  air-gap. 


J  /**"=./**  X  (^maximum  magnetic  energy 
stored  in  i  ex.  of  ean)% 


All  the  constituents  of  this  expression  can  be  readily  calculated 
Morehand,  the  length  of  the  air-gap  being  settled  by  meclumical  con* 
MdKralions,  and  its  area  by  the  SteinnvetK  *//  formula  or  some  such 
w^y.  Howe%*er»  in  my  opinion  it  will  never  be  necessary  to  depart 
frtMH  the  simple  parabohc  law. 

C4jitPARfS0N  OF  Foumula  with  Professoh  Epstein's  Cubve. 


^  K  »tr^  (lina  iq.  cm.) 

I 

1 

3 

4 
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t^        to 
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Copf>cr  Lassfs, — From  equation  (la)  above. 

Copper  losses  s  voL  of  copper  x  ^j,  ^^ 
li  ilie  full-toad  current  is  J,  then  area  of  wire  =  J/A. 

,\  Vol  *>f  copper  =  T  / 1, 
.\  Copper  loss  =  J  T  /  A  p,. 

h  should  be  remarked  that  tf  T  =  turns  per  pole  /  must  be  taken,  not 
as  the  length  of  a  mean  turn  round  one  pole,  but  as  that  of  a  mean  turn 
round  all  the  poles. 

if  wc  use  Hobart's  rule*  that  the  end-connections  are  eijual  in  length 
to  three  times  the  pole  pitch,  we  havi.— 

/=P(2X  +  3r), 
and  consequently — 

Copper  loss  =  p,  J  T  ^  P  (a  X  +  3  tK    ,     .    .    .     (12) 


Xow — 


2jjr_  _ 


^^ampere-conductors  per  cm,  of  periphery, 


ind  r  P  ^  r  (I  the  circumference. 


^ 
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Mr.  Crcedy.  ThuS— 

Copper  loss  =  — *  7  A «/  (2  X  +  3  r). 

Professor  Thompson  has  shown  that  I,  the  output  coefficient — 

/ ,  -      ,  K.V.A.      \ 

(defined  as  ^^pj^^^j, 

is  equal  to  0*825  ^  io~"*./5^  (see  " Dynamo- Electric  Machinery," 
7th  edition,  vol.  ii.  p.  709)  or  c^fiq  say. 
Hence — 


Copper  loss  =  |^|  A  r/  (2  X  +  3  O 


(13) 


This  relation  between  the  copper  loss  and  the  output  coefficient  is  of 
interest  in  many  ways,  but  it  does  not  for  the  moment  lead  us  to  the 
result  of  which  we  arc  in  search,  viz.,  a  formula  expressing  the  copper 
loss  in  terms  of  the  chief  dimensions  of  the  machine. 

In  order  to  obtain  this  one  must  insert  in  the  equation — 

Loss  =  p,.JTAP(2X  +  3r) (12) 

the  value  of  T  as  a  function  of  the  dimensions  of  the  motor. 
From  equation  (3) — 

^=^»T»M». 
From  equation  (5) — 
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J  i!i  the  current  in  all  tbe  phases,  of  course.    Substituting  these  values   Mr.  Crwdy. 
wc  get  the  formula — 


Copper  loss  ^ 


Jl  X  t20  X  1,000  X  p<  X  4     K.V,A. 


n/^ 


T^ 


^V.S 


A  Hi 


Btit  this  gives  only  the  stator  loss.    If  the  current  density  is  the  same 

in  the  rotor  as  in  the  stator,  we  shall  not  be  far  out  if  we  assume  the 
bs*^^  are  Ihe  same*    If  it  is  different,  say  A*,  then  the  losses  will  be 
increased  iti  the  proportion  A, /A. 
Htnice  finally— 

K  V  A 
TotaJ  copper  loss  =  416    V        (A  4-  Ai)  a, 

as  given  above, 

I  do  not  wish  to  lay  too  much  stress  on  the  exact  values  of  the  con- 
stants I  have  given.  I  have  rather  endeavoured  to  set  the  matter  out 
so  that  each  designer  could  use  his  own  constants.  How^evcrj  those 
given  will  give  fairly  satisfactory  results.  Since  working  out  these 
formulae  I  have  also  ob tainted  formulae  for  alternating-current  gene- 
rators and  continuous  and  alternating  commutatiug  machinery* 

Mr.  J.  GcK)l>3ilAN  [communkaUd)  \  With  regard  to  the  testing  of  Mr. 
itisidaling  materials  for  disruptive  strength,  in  my  opinion  the  usual 
tests  on  such  substances  as  micanite,  varnished  cloth,  paper,  etc., 
can  at  lacst  only  give  comparative  results  ;  in  the  actuat  machine  the 
insulating  material  has  most  probably  to  be  bent  into  position  (in  the 
case  of  micaniie^  generally  rendered  pliable  by  heat).  Would  not  there- 
tore  the  tests  be  more  reiiable^  and  of  more  practical  value  to  tbe  de- 
signer, if  tbe  material  to  be  tested  had  been  previously  mechanically 
drained}  as  is  the  case  with  the  insulation  in  a  completed  machine  ? 

If  an  apparatus  such  as  that  illustrated  on  page  14  of  Messrs. 
Turner  &  Hobart's  work  on  Insulation  be  used,  it  is  of  importance  to 
bow  the  preiiiiure  between  the  electrodes;  the  spring  might,  perhaps 
advisedly,  be  adjusted  so  that  this  pressure  is  roughly  equal  to  the 
extreme  mechanical  pressure  to  which  the  insulation  is  likely  to  be 
subjected  in  the  machine  for  which  it  is  intended.  Possibly,  in 
tffder  to  exert  sucli  a  pressure  as  is  found  in  practice,  a  better  method 
would  be  to  have  one  electrode,  fitted  loosely  in  a  screwed  rodj 
the  rod  working  in  a  strong  support. 

It  appears  also  for  the  same  R.M.S.  volts  a  flat -topped  E.M.F.  wave 
i*  more  detrimental  to  insulation  than  a  peaked  wave. 

The  curves,  for  the  20-k.w,  transformer,  shown  in  Fig.  14,  are 
tulcrcstitigi  though  the  top  curve  is  perhaps  incorrect,  or  if  correct 
AOtnewhat  unique  in  its  form. 

With  respect  to  the  two  bottom  curveSi  which  show  no  temperature 
riic  until  after  seven  hours'  run,  it  would  be  interesting  to  know  the 
distance  between  the  winding  on  any  one  leg  of  the  transformer  and 
lb  case,  i.^t  the  space  allowable  for  circulation  of  oil  between  the  trans- 
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former  and  the  case,  as  this  dimension  very  probably  determines  (for 
the  same  design  and  load)  the  time  for  which  there  will  be  no  recorded 
rise  of  temperature  at  the  bottom.  It  may  be  of  inlercsi  to  mention 
here  that  "rise  in  temperature "  curve  of  many  transformers  seems  to 
foUow^  with  certain  dehtiite  limitaBonSj  a  simple  logarithmic  law  of 
the  form — 

T  =  a  log  /  —  A  ; 


wtiere  T  is  rise  in  temperature — 


i  is  time 

a  J  b  are  constants* 


I 


Mn  G*  ScHULTZ  {communicated)  i  Having  been  engaged  for  nearly 

twenty  years  in  supplyiu|^  electrical  engineers  with  material  for  the 
construction  of  dynamoSj  etc.,  I  have  fotmd  a  constant  source  of 
difficulty  in  the  entire  absence  of  any  organised  scheme  of  standardi- 
sation of  the  properties  of  the  steel  and  iron  used  by  them.  This 
applies  even  at  the  present  time,  nor  is  there  in  existence  a  uni- 
versal or  generally  accepted  method  by  which  determinations  of 
electrical  qualities  can  be  made.  In  some  cases  E wings"  hysteresis 
meter  is  still  referred  to  as  an  arbiter  of  quality,  but  it  cannot  be 
accepted  as  iinfficient  or  reliable  under  modern  requirements^  apart  ^ 
from  its  own  standards  being  frequently  at  fault. 

The  pap>er  of  Professor  Epstein  deals  with  this  question,  and  shows* 
us  how  much  Germany  is  in  advance  in  methodical  treatment  of  such 
matters.  I  am  in  hopes  of  seeing  our  own  National  Physical  Labor- 
atory take  up  the  question,  not  only  in  conference  with  electrical 
engineers,  but  with  the  Standardising  Committee,  to  arrange  suitable 
standards  for  the  various  qualities  of  iron  and  steel  to  be  wsed  for 
various  purposes  in  electrical  machines,  but  also  to  fix  upon  a  suitabk 
standard  measuring  apparatus  for  purposes  of  reference,  I  also  con- 
sider that  the  National  Physical  Laboratory  should  in  all  cases  become 
the  recognised  authority  to  W'hich  questions  as  to  quality  should  be 
submitted  for  determination. 

In  rt4ation  to  insulating  material,  I  am  afraid  the  electrical  engineer 
goes  too  much  by  what  the  manufacturer  tells  him  of  his  own  goods, 
without  possessing  a  standard  means  of  testing  the  truthfulness  of  hts 
claims.  Professor  Epstein,  for  instance,  refers  to  the  size  of  the 
electrode  for  deleruiining  the  dielectric  strength  of  insulating 
materials,  and  again  to  his  method  of  testing  mica  tubes.  Similar  tests 
are  frequently  performed  under  very  irregular  conditions,  and  often 
lead  to  injustice  in  comparing  various  makers'  products^  besides 
being  detrimental  to  a  correct  selection  of  materials.  Therefore  a  need 
for  a  standard  method  of  tests  for  insulation  material  is  also  imperative* 

With  regard  to  the  method  explained  in  the  paper  of  testing  mica 
tubes,  it  seems  to  me  that  such  tests  in  themselves  cannot  be  considered 
final  or  guard  against  mishaps  when  in  the  machine,  for  mica  tubes 
are  notoriously  weak  mechanically,  and  are  easily  itvjurcd  when  drawn 
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into  the  slots,  or,  if  protected  against  abrasion  by  fibroua  material^  the   Mr.Schulu. 
efliciencj  of  the  machine  is  weakened  by  reason  of  the  extra  allowance 
required  for  space. 

To  get  over  this  difficulty,  the  '^pertinax"  insulating  tubes  have 
recently  been  brought  to  the  knowledge  of  electrical  engineers  for  high 
voltage  machines,  and  seem  to  be  appreciated  on  account  of  their 
excellent  mechanical  properties,  being  less  hygroscopic  than  mica  tubes, 
and  having  a  greater  creeping  distance  although  they  are  entirely 
devoid  of  mica. 

But  my  principal  object  in  commenting  on  Professor  Epstein*s 
paper  is  to  insist  upon  the  need  for  '*  staudardisation/'  It  will  help 
both  the  manufacturer  and  the  constructor  of  electrical  machinery » 
In  the  meantime  we  must  be  thankful  for  the  help  the  paper  of 
Professor  Epstein  has  given  us  by  showing  up  our  own  weaknesses. 

It  would  be  interesting  to  know  from  Professor  Epstein  whether 
the  alloyed  sheet  iron  shows  better  results  in  testing  alter  annealing  of 
the  samples  used  in  the  test,  and  further*  whether  the  ageing  test 
for  6qo  hours  is  continuous,  as  £  hold  that  in  the  first  instance  85° 
would  be  a  more  suitable  temperaturCi  whilst  interrupted  heating 
would  bring  the  iron  nearer  to  working  conditions. 

Mr*  A,  P,  M.  Fleming  {communkattHi) :  Regarding  the  selection  of 
insulating  materials,  I  agree  with  the  author  that  for  low  tension  work 
the  thickness  of  material  required  from  mechanical  considerations 
gives  ample  margin  of  safety  even  if  comparatively  poor  dielectrics 
such  as  fibrous  materials  are  used.  The  disruptive  strength  of  such 
materials  is  relatively  of  secondary  importance  compared  with  their 
non -hygroscopic  and  meclmnical  features^  and  the  permanence  of 
these  properties  under  all  conditions  such  as  dampness,  healing, 
vibration,  elCj  hkely  to  occur  in  practice.  Regarding  insulating 
tubes  for  high  tension  windings*  I  do  not  agree  that  mica  is  indis- 
pensable for  this  purpose. 

In  my  opinion,  one  of  the  most  likely  sources  of  deterioration  and 
ultimate  breakdown  of  the  insulation  of  high  voltage  windings  is  the 
discharge  which  may  occur  in  the  air  space  between  the  conductors 
dnd  the  inner  surface  of  the  tube, 

H  the  electrostatic  stresses  which  produce  the  discharge  are  merely 
sufiicieat  to  cause  an  almost  imperceptible  ''glow/"  oxone  may  be 
iormed,  and  any  oxidjsable  material  thereby  rendered  brittle.  No 
danger,  however,  is  likely  to  occur  from  the  action  of  oxone,  unless, 
of  course,  entirely  unsuitable  materials  are  used,  particularly  seeing 
that  it  is  considered  practically  impossible  to  produce  ozone  at  the 
Icmperarare  at  wliich  machines  usually  operate. 

If  tlie  discharge  is  heavy  enough  to  produce  heat  sparks,  oxides  of 
nitrogen  will  be  formed,  and  possibly  under  exceplionally  favourable 
circumstances  slight  traces  of  nitric  acid.  The  number  of  failures, 
however,  directly  traceable  to  this  cause  are  not  sufficient  to  jubtify  the 
possibility  of  the  formation  of  nitric  acid  being  considered  a  very  serious 
ftource  of  danger, 
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If  the  discharge  is  heavy,  particularly  when  moisture  is  present,  a 
serious  charring  of  the  in^sulation  may  result,  the  discharge  practically 
burning  its  way  along  the  path  of  the  most  eaisily  carbonised  materials. 
An  example  of  this  is  given  by  the  author  in  the  description  of  the 
6d,ooo-vdU  tests  applied  to  nn  insulating  tube,  and  while  this  is  an 
extreme  case,  a  similar  action  may  easily  lake  place  at  comparatively 
low*  voltages  if  the  insulation  is  of  such  a  nature  and  so  proportioned 
that  high  local  electrostatic  stresses  are  produced. 

The  principal  consjiderations  governing  the  distribution  of  the 
electrostatic  stress  in  the  air-gap  and  consequently  the  amount  of 
discharge  are,  the  potential  difterence  between  conductors  and  iron, 
the  shape  of  the  conductors,  thickness  of  air-gap,  and  thickness 
and  nature  of  the  insulating  tut>c. 

The  electrostatic  stress  for  each  layer  of  insulation  will  vary  in- 
versely as  its  specitxc  inductive  capacity,  so  that  to  ensure  a  practically 
uniform  potential  gradient  across  the  insulating  medium  (consisting  of 
insulating  tube,  air-gap,  and  material  on  con  duo  tors)  separating  con- 
ductors from  iron,  the  entire  insulation  space  should  be  occupied 
with  materials  having  the  same  specific  inductive  capacity. 

Seeing  that  mica  has  a  specific  inductive  capacity  of  at  least  four 
times  that  of  air,  if  the  insulating  tube  is  made  of  this  material,  a  very 
abrupt  change  will  occur  in  the  potential  slope  across  the  air-gap  com- 
pared with  that  across  the  mtca  tube,  and  the  electrostatic  stress  in  the 
air-gap  rendered  sufficiently  high  as  to  produce  a  discharge  such  as 
that  already  referred  to. 

Within  certain  limits  this  stress  may  be  reduced  by  using,  Instead 
of  mica,  a  material  having  a  lower  specific  inductive  capacity*  At  the 
present  time,  however  the  selection  of  such  materials  which  are  other- 
wise suitable  is  sraalK  A  compromise^  however,  may  be  effected  by 
using  mica  and  paper  sandwiched,  thereby  reducing  the  total  capacity 
of  the  dielectric,  and  this  composite  insuLition  has  been  found  generally 
satisfactory  for  high  voltage  w^ork.  Apart  from  the  ejects  of  a 
discharge,  there  is  in  my  opinion  a  serious  possibility  of  danger  due  to 
chemical  change  resulting  from  the  action  of  electrostatic  stresses. 

It  is  well  known  that  some  fluid  dielectrics  when  electrically 
stressed  tend  to  split  up  into  component  parts  which  group  them- 
selves in  the  order  of  their  specific  inductive  capacities,  and  it  is  not 
improbable  that  this  action  occurs  to  some  extent  in  the  varnishes  and 
cements  used  for  insulating  purposes,  resulting  in  the  formation  of 
partially  conducting  media,  and  while  such  materials  may  be  entirely 
satisfactory  for  low  voltage  work,  it  does  not  follow  that  they  are 
chemically  stable  when  subjected  to  high  voltages.  This  chemical  action 
would  be  more  pronounced  at  high  temperatures,  and  would  depend 
on  the  voltage  gradient,  which  by  the  use  of  suitable  materials  should 
be  kept  as  uniform  and  low  as  possible, 

For  the  insulation  of  windings  up  to,  say»  two  or  three  thousand  volts, 
probably  little  danger  need  be  feared  from  discharge  or  chemical 
action,  as  the  potential  gradient  is  comparatively  small  even  if  mica  is 
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used.      For    higher  voltagesj   liowever,  a  composite  tube  of    lower 
capacity  is  preferable. 

For  very  high  voltages,  say  above  10,000,  while  a  composite  tube 
properly  proportioned  may  be  used,  a  safer  insulation  would  result  from 
the  use  of  a  material  having  a  very  low  specific  inductive  capacity 
(nearly  unity),  and  as  an  additional  precaution  all  air  should  be  excluded 
from  the  windings  in  the  slot  portion  by  inipregnating  with  a  suitable 
chemically  stable  compound.  As  a  general  proposition  for  high  voltage 
work  where  insulation  space  is  limited,  materials  should  be  used  which 
tiave  a  very  low  specific  inductive  capacity. 

With  regard  to  the  recommended  insulation  tests,  I  do  not  agree 
that  **  time "  tests  are  desirable  either  from  the  customer's  or  manu- 
facturer's point  of  view.  A  test  fails  in  its  object  if  it  in  any  way 
weakens  otherwise  sound  insulation,  also  if  it  is  not  sufficiently  severe 
to  break  down  any  inherent  weakness  in  the  insulation  which  under 
operating  conditions  wouJd  develop  into  a  serious  fault. 

While  agreeing  with  the  author  that  the  hulk  of  insulating  materials 
60  not  exhibit  such  characteristics  as  fatigue  or  resilience  met  with  in 
the  ph%*sical  testing  of  metals,  it  is  certainly  possible  for  insulation  to 
be  weakened  by  long  continued  electrostatic  stress,  resulting  in  car^ 
boni&ation  due  to  internal  heating,  charring  resulting  from  discharges, 
or  cheroical  action,  and  in  each  case  a  certain  amount  of  time  elapses 
before  damage  results.  Considered  from  this  point  of  view,  a  *'  time  '' 
test  is  inadvisable. 

I  thoroughly  agree  that  good  design  and  workmanship  are  a  far 
hetlcT  guarantee  than  that  derived  from  any  kind  of  pressure  test  that 
may  be  devised.  Unfortunately,  however,  workmanship  cannot  always 
be  depended  on,  aiid  it  is  possible  for  a  purely  meclianicai  break  to  exist 
md  for  the  insulation  still  to  withstand  the  comparatively  low  voltage 
tests  suggested,  and  yet  under  service  conditions  when  subjected  to 
moisture^  dirt,  vibration,  etc.,  break  down  at  normal  voltage.  Such  a 
weakiicss  will  much  more  likely  t>e  detected  under  a  higher  test 
applied  for  a  short  interval  than  the  lower  test  continued  for  a  longer 
time, 

I  agree  that  it  is  not  commercially  practicable  to  insulate  electrical 
apparatus  to  withstand  such  severe  stresses  as  may  result,  say,  from 
lightning  and  such  disturbances.  On  the  other  hand,  the  insulation 
!ihoutd  be  sufficient  to  withstand  a  momentary  pressure  rise  or  surge  of 
twice  normal  voltage.  Such  a  momentary  rise,  while  having  little  or  no 
effect  on  solid  insulation  owing  to  the  time  element  hivolvcd,  would 
immcdtately  break  dow^n  an  air  space  or  surface  insulation  insufficient 
for  the  voltage.  In  high  voltage  machines  for  reasons  of  economy  the 
length  of  the  projecting  tubes  is  cut  dow^n  to  a  minimum,  and  these,  as 
pointed  out  by  the  author,  may  constitute  the  weakest  portions  of  the 
insuiation.  In  the  case  of  a  10,000-volt  machine,  which  is  tested  at 
15,000  volts  for  half  an  hour,  while,  when  clean,  the  insulating  value  of 
the  surface  may  be  sufticient  to  stand  the  test,  an  accumulation  of  dust, 
which  is  always  likely  to  occur  in  the  vicinity  of  high  voltage  cou- 
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dQctors,  might  be  sufficient  to  reduce  the  T?alue  of  the  surface  down  to 
that  of  the  working  vohagtv  and  in  the  event  of  a  surge  ur  possibly 
under  nornmi  conditions  a  breakdown  may  occur.  From  this  poifkt  of 
view  a  higher  pressure  maintained  for  a  short  interval  only  would  give 
a  better  indication  of  the  sufficiency  of  the  surface  distances, 

Profess%>r  J.  Epstein  {in  ref^lv):  I  propose  thii^  evening  to  di:>cussthc 
few  points  only  which  have  been  raised  repeatedly,  and  to  repjy  later 
on  to  other  questions  more  fully  in  writing, 

The  curves  of  the  oil  tninsfonner  seem  to  have  Keen  rather 
p\i7//Mng :  the  explanation,  however,  is  much  more  simple  than  it 
appears,  a^  will  be  seen  on  referring  to  Fig,  C,  showing  the  transformcf 
Tj  in  the  case  F,  and  thermometers  fijced  at 
A,  B,  C,  D,  As  the  trani^former  becomes 
heated  the  warmed  oil  rises  to  the  surface, 
and  consequently  the  upper  tlierniometcr  D 
will  indicate  the  rise  in  temperature  lirst, 
while  the  tower  ones  will  not  be  affected  at 
the  beginning  of  the  test,  as  there  is  no  con- 
vection of  heat  in  a  horizontal  direction*  It 
takes  practically  about  Bvc  hours  before  the 
volume  of  oil  at  G  is  heated  up.  Immediately 
after  this  stage  is  reached  heated  oil  begins 
to  hli  up  the  space  Hj  which  process  takes 
another  three  hours,  and  during  this  time 
the  rate  of  rise  of  temperature  proceeds  more 
rapidly,  ownig  to  the  narrower  space. 

As  I  have  abcady  pointed  out,  the  ques- 
tion of  the  rate  of  temperature  rise  has 
nothing  to  do  with  the  size  of  the  apparatus 
— it  is  merely  a  question  of  the  ratio  of  two  effects,  viz.,  ratio  of  cooling 
surface  to  heat  capacity  of  the  w^hole  volume*  The  ca^e  of  the  oil 
transformer  experiment  is  somewhat  complicated  by  the  motion  of 
the  oil 

As  to  the  fatigue  of  insulating  malerial,  t  am  sorry  to  state  that  we 
ail  agree  that  we  know  nothing  at>out  it,  I  do  not  deny  the  possibility 
of  causing  deterioration  of  a  machine  by  excessive  pressure.  Bat 
I  never  have  held  the  view  that  the  high- pressure  test  weakens  a 
dielectric  in  tfi^  same  manner  as  excessive  mechanical  stress  weakens 
the  strength  of  material.  What  I  intended  to  point  out  was  that  the 
physical  process  seems  to  be  a  totally  different  one.  1  demonstrated 
the  case  by  the  example  of  the  creeping  of  electricity  along  a  lube. 
The  weakening  may  be  due  to  a  carbonising  effect,  or  it  may  be  ttie 
result  of  a  vapourising  citect,  due  to  insufiftciently  dried  mica  tubes  or 
cot  ton -covered  wire* 

I  was  much  interested  in  the  results  ol  Mr.  Rayners  researches  in 
connection  with  the  subject  which  he  brought  forwaxd  some  years  ago. 
I  quite  agree  with  him  as  regards  the  importance  of  filling  up  coils 
with  some  material   of    high   heat  conductivity*    Some  e^speriments 
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I  have  made  in  Ihe  ^ame  dlrectioa  showed  that  a,n  iinprovenient  of 
about  20  per  cent*  h  effected  in  the  transmission  of  heat.  That  means 
that  two  coils,  othcrwi&e  equally  constructed,  measure  equal  external 
tcmperatiire,  with  the  same  watt  losSj  but  the  average  temperature 
mside  the  coil  tiUed  with  the  heat-conducting  material  Is  20  per  cent 
lower  than  in  the  other*  Unfortunately,  I  did  not  succeed  in  obtaining. 
constant  results,  as  the  heat-conducting  materials  soon  altered  their 
eondition.  I  hope  that  some  other  material  may  be  discovered  which 
will  preserve  its  conductivity,  and  therefore  give  more  satisfactory 
rr^ults,  and  I  look  forward  with  great  interest  to  further  information 
mhich  Mr*  Rayner  may  be  able  to  give  us. 

Several  questions  have  been  asked  regarding  the  influence  of  the 
area  of  the  dielectric  under  test  I  distinguish  two  effects  as  par- 
ticularly noticeable,  which  are  caused  by  enlarging  the  area  of 
didectric  : 

1.  The  greater  probability  of  detecting  weak  points^as  can  be 
proved  malhematically — and 

2,  The  intluence  due  to  enlarged  capacity.  I  should  like  to  suggest 
thftt  those  interested  should  repeat  my  experiments. 

Besides  the  lowering  of  the  piercing  pressure,  it  will  be  noticed 
that  with  a  condenser  in  paratiel  the  sparks  have  quite  a  different 
ipiwarancc  than  without  a  condenser.  You  will  observe  the  sparks 
<inliUating  and  blue  coloured.  I  quite  agree  with  the  different 
speakers  that  the  phenomenon  may  be  due  to  a  change  of  wave- form, 
which,  however,  I  could  not  verify  at  the  time*  I  hope  I  may  be  able 
to  do  this  in  the  near  future  with  the  aid  of  an  oscillograph,  and  if 
titne  permits.  I  will  include  an  illustration  of  the  wave-form  in  my  reply. 

Commtimctited :  Mr,  Evershed  has  told  us  that  if  I  had  been  an 
bitriwnent  maker  my  paper  would  possibly  have  been  five  times  the 
length.  1  am  sorry  to  say  that,  speaking  for  myself  as  a  dynamo 
fnitiufaeturer,  the  length  of  the  present  paper  would  have  been  at  least 
eqiml  to  that  if  it  were  limited  by  the  material  and  not  by  the  time 
available,  which  compelled  me  to  confine  myself  to  a  few  points, 
whidi  could  not  be  completely  deait  with  even  then.  I  have  to  thank 
tb  speakers  who  assisted  to  complete  certain  points,  and  I  am  pleased 
to  be  able  to  answer  some  questions  which  have  arisen  in  the  discussion 
^nd  to  remove  an^^  misunderstandings. 

II  never  staled  '*  that  I  would  he  willing  to  put  out  a  machine  with 
^gopercenL  temperature  rise,"  nor  "that  125"^  might  be  an  approxi- 
nate  safe  limit  to  be  reached  in  actual  working  machinery."  On  the 
Cf-ntrmry  I  would  recommend  the  German  rules  with  50^  temperature 
fsjie  as  measured  by  thermometer,  and  60^  temperature  rise  of  non- 
fotAtmg  coils  as  measured  by  the  increase  of  resistance, 

ilr.  Skinner  told  us  that  on  the  other  side  of  the  Atlantic  the  usual 
limit  of  the  rise  of  temperature  is  40^,  I  do  not  see  any  reason  for  such 
a  low  temperature  limit,  and  on  this  matter  I  am  inclined  to  side 
irith  the  British  Engineering  Standards  Committee,  which  says  in  its 
report  of  July,  1904  :  "  It  will  be  of  interest  to  designers  to  note  Uiat 
Vol,  &6.  7 
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I  profesMT       the  experimental  work  has  made  sufficient  progress  to  indicate  with 
I  ^i****^"'         considerable  certainty  that  the   temperature   limits  ultimately  to  be 
B                    recommended  hy  this  sub-committee  are  likely  to  be  more  liberal  than 
H                    those  laid  down  by  either  the  American  or  German  electrical  stan- 
^^^L              dardisation  committees/' 

^^H                   The  very  interesting  experiences  Mr,  Fynn  reports  are  also  a  strong 
^^H             argument  in  favour  of  the  fact  that  the  German  limits  are  not  too  high. 
^^H                   Though  Mr.  Peck  agrees  with  my  statements  as  regards  temperature 
^^^P             rise,  he  fears  some  difliculties  with  the  customer,  and  the  same  feding 
^^^1             is  expressed  by  Mr*  Skinner,  who  reports,  with  reference  to  the  United 
^^^H             States,  that  there  seems  to  be  a  tendency  on  the  part  of  users  of 
^^H             electrical  machinery  to  force  the  temperature  rise  down  to  34°  or  30*^  C. 
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^^m             I  am  pleased  to  state  that  during  six  years'  working  on  the  basis  of  the 
^^H             German  regulations  all  such  scruples  have  disappeared,  and  the  more 
^^H              experienced  the  consumers  become  with  machinery  delivered  to  them 
^^m             in  accordance  with  these  regulations,  the  more  willingly  they  agree  to 
^^H              accept  them, 

^^H                   In  accordance  mth  Mr.  Peck*s  requirements  the  figure  of  loss  in 
^^H              the  German  rules  is  based  on  measurements  on  a  circuit  having  a  sin€ 
^^M             wave-form  of  E.M-F,    The  temperature  of  100°  for  ageing  tests  was 
^^H              taken  from  the  point  of  view  that  this  temperature  as  a  round  figure 
^^H             might  exceed  the  highest  temperature  up  to  which  iron  may  heat  iji 
^^H             engine  rooms  of  35°  temperature,  and  so  represent  the  most  mifavoor- 
^^H              able  conditions. 

^^^                  1  am  pleased  to  answer   Mr*   E  vers  bed's  request  by  giving  the 
^^^^^.       accompanying  ctirves  in  Fig,  D. 
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AtS  regards  the  dittercnce  between  iron  losses  tested  in  tlie  actual   professor 
ki;id]int*  4nd  in  liibor^tory  samples^  I  gave  some  explanations  for  the   ^P^^^^"- 
liscrcpancy  menlioncd  by  Professor  Kapp  between  curve  Fig*  6  and 

In  testing  the  dielectric  strength  of  a  machine  we  are  in  a  much 

rs<;  position  than  the  mechanical  engineer  when  tesling  a  bridge.    To 

jcerlain  whether  he  is  within  the  safe  limits^  he  measures  the  ductility 

f  the  system,  and  can  determine  from  well-known  facts  whether  the 

eha^viour  of  the  cons  tr  yet  ion  corresponds  with  the  standards.     I  n  the 

tse  of  an  electrical  machinCi  we  try  if  it  will  withstand  a  cerla,in  stress, 

Iiich  it  ou^ht  to  wilhstand  if  constructed  throughout  on  right  lines, 

\,  instead  of  satisfying  ourselves  only  as  to  w^hether  the  dielectric  will 

JT  will  not  stand  the  test,  wc  were  to  investigate  the  behaviour  of  the 

dieicctric  when  subjected  to  increased  pressure  in  a  manner  analogous 

lo  Ihat  in  which   the   mechanical   engineer   measures  elasticity,    w*e 

lould  no  doubt  ascertain  w^hcther  there  exists  a  dielectrical  condition 

^gous  to  mechanical  fatiguing, 

e  problem  is  to  establish  rules  for  standardising  the  conditions  of 

ielectric  testing  so  that  a  bad  or  faulty  machine  can  easily  be  recog- 

ist'd,  and  it  remains  for  the  designer  to  construct  his  machine  in  such 

manner  that  it  w^ill  stand  the  test.     The  tests  I  recommended  were 

iticiscd  as  *'  low-pressure  long-time  tests/'     When  double  pressure 

proposed  by  one  of  the  speakers,  his  proposals  coincided  with  the 

i  recommended  by  me  «p  to  5,000  volts,  whilst  at  10,000  volts  there 

a  difference  of  20^000  as  against  15,000  volts. 

With  reference  to  duration  of  the  test,  an  instantaneous  test  was 

•ommended  in  preference  to  a  half-hour  teat.     With  this  arrange- 

ent  the  probability  of  delecting   failures  is   diminished  to  a   great 

fxtcnt.     If  we  wish  to  check  the  machine  by  aji  over- pressure  test,  we 

jnust  give  the  pressure  time  to  act.     If  wc  wish  to  check  it  by  a  break- 

^down  test,  we  should  not  have  to  fear  the  breakdown,  but  the  risk  was 

en  Ironed  by  some  speakers  that  the  test  might  injure  the  dielectric,  not 

sly  enough  to  cause  breakdown  during  the  test,  but  later  on.     No 

there  is  a  risk  of  this  kind — namely ^  that  an  incipient  failure 

Ssed  I'^y  ihc  test  may  not  become  visible  whilst  testing — but  this  risk 

diminished  the  longer   the   duration  of   test.     Puncturing  through 

mentary  excessive  pressure  without  any  immediate  sign  of  such  is  a 

ell-known  occurrence  to  station  engineers,  who  often  report  that  tliey 

bser\'e  surging*  whilst  the  breakdown  due  to  punctures  caused  by  this 

gtng  occurred  later  on.     For  that  reason  long-time  tests  arc  more 

pablc  of  showing  up  a  weak  point  during  the  test,  and  thus  bring  a 

to  a  dehnite  result. 

Several  speakers  were  interested  in    the  observation  that  when 

sting  dJeicctric  strength  in  the  usual  way,  the  piercing  pressure  was 

wcrcd  as  soon  as  a  condenser  was  connected  in  parallel.     I  am 

d  to  have  been  able  to  fulfil  my  promise  and  to  make  some 

r  ejiperiments. 

To  strnplify  the  conditions  I  tested  air  alternately  with  the  co\\> 
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Prolestor       duiiser  in  parallel  to  thf  electrodes  and  without  the  condenser.     Whc^ 
^^°'         the  voltage  was  regulated  by  a  resistance  in  ttie  primary,  the  a%'era^ 
piercing  pressurei  as  measured  hy  a  high-tension  dynamonictric  volt* 
meter,  was  observed  to  be  6,700  volts  with  the  condenser  and  7,404 
voits  without  the  condenser,  1 

Tlie  wave-forms  of  Ihe  pressure  applied  be/ore  piercing  occurrtd  witii 
and  without  the  condenser  are  shown  in  Fig.  E  and  Fig,  F,  It  ii 
understood  that  the  phenomenon  is  not  due  to  the  distortion  oi  th« 
vv:ivc'form,  acting  in  the  opposite  direction »  but  is  due  to  what  Mr^ 


With     condenser. 
Fig,  E* 


WiDhout  condenser, 
Fm.  F* 

Patchell  called  the  "  power  behind  it."    I  hope  to  give  more  details  1 
the  subject  in  the  near  future. 

In  answering  different  questions  as  regards  testing  of  mica  tut 
(page  38),  I  wish  to  state  that  the  voltage  means  effective  voits. 

The  heating  was  measured  by  thermometers  placed  inside  the  tut 

The  diameter  0/  the  iron  rods  with  which  the  tubes  were  filled  wa| 
about  6  mm.  | 

I  hope  that  ever>^  detail  asked  for  in  connection  with  the  oil  trans^ 
former  experiment  is  clearly  shown  by  diagram  Fig.  G.  The  sketch  % 
drawn  to  scale.  The  thernionietcrs  A^  B^  C  are  fixed  in  the  positio^ 
indicated  outside  the  cage,  whilst  D  is  immersed  near  the  suriace  d 
the  oil*  The  transformer  used  was  one  of  somewhat  unusn^U  design 
^nd  the  proportion  of  oil  volume  to  material  was  great.    That  is  due  t^ 
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the  fact  that  the  transformer,  suitable  for  4o,ocx3  volts,' had  to  work  with 
two  of  the  same  pattern  in  seri^rs  and  one  pole  earthed. 

The  effect  of  the  heat  capacity  of  oil  is  therefore  especially  pro- 
minent in  this  instance.  The  temperature  readings,  including  thotse  of 
the  outside  air^  and  tlie  progress  of  temperature  rise  in  the  various 
levels  corresponding  to  the  thermometers  A,  B,  C,  D,  arc  shown  on  the 
right  hand  of  the  drawing.  Synchronous  readings  are  *coniiected  hy 
straight  lines  ;  the  thickened  lines  indicate  the  readings  after  5,10,  and 
15  hours.  Thermometers  A  and  B  correspond  to  *'  bottom  "  and  **  mean" 
of  Fig.  14,  D  to  *'  oil  surface/'  while  the  average  temperature  rise  of 
winding  corresponds  to  '*wunding'*  in  Fig.  14. 

The  sudden  bend  on  the  upper  curve  of  Fig.  14  is  explained  as 
follows  :  The  radiating  effect  of  the  case  is  proportional  to  the  product 
of  radiating  surface  by  lempcrature  difference.  If  wc  had  to  deal  with 
an  air-cooled  transformer,  the  coohng  surface  would  be  constant  and 
we  should  get  the  well-known  curve  of  temperature  rise  (see  Fig,  12|, 
With  the  oil  transformer  t!ie  surface  of  radiation  increases  with  the 
volume  of  the  oil  heated.  Owing  to  Ihis  the  curvature  of  the  line  is 
steeper  in  the  beginning  and  flattens  the  more  as  the  volume  and 
surface  of  the  heated  oil  increases,  but  when  the  heated  oil  has  replaced 
the  cooler  oil  in  the  upper  large  space  of  the  case  and  begins  to  enter 
into  the  narrower  portion  between  vessel  and  transformer,  the  radiating 
surface  of  the  case  increases  more  rapidly  and  the  curve  of  the  tem- 
perature rise  of  the  upper  oil  flattens  simultaneously. 

The  PRESIDKXT  :  It  is  hardly  necessary  for  me,  I  think,  in  asking 
you  to  express  your  thanks  to  Professor  Epstehi  for  his  paper,  to  try  to 
sum  up  in  any  kind  of  w^iy  the  great  merits  of  the  paper  or  the  various 
reasons  w^hy  you  should  express  your  thanks-  I  should,  however,  hke 
to  refer  with  your  permissioii  for  a  few  moments  to  two  points.  One 
of  them  concerns  the  experiments  that  Mr.  Rayncr  has  put  before  us, 
and  to  which  Professor  Epstein  has  referred  in  such  very  kindly  words. 
The  great  importance  of  those  experiments  arises  from  the  fact  that, 
although  you  cannot,  from  knowing  the  amount  of  copper  and  the 
amount  of  cotton  in  your  coil,  make  any  kind  of  calculation  of  its 
average  heat  conductivity  which  wiil  be  of  value  to  you,  you  are  able 
by  means  of  experiments  on  one  or  two  coils  of  a  similar  shape  to 
those  which  you  are  going  to  use  on  a  machine  to  calculate  from 
experiments  such  as  Mr,  Rayner  has  made  the  average  conductivity  of 
the  material ;  and  then  you  can  use  that  average  conductivity,  when 
you  have  calculated  it,  in  determining  what  the  maximum  temperature 
will  tie^  if  you  know  the  average ^  and  what  the  rise  of  temperature  will 
be  in  other  coils  of  similar  shape  actually  used  on  the  machines,  I  think 
his  results  are  suflficient  to  show  that  a  vahiable  addition  to  the  power 
of  calculation  of  the  designer  may  be  attained  by  experiments  such  as 
he  described.  The  whole  point  really  turns  on  the  work  that  Mr- 
Goldschmidt  put  before  us  some  time  ago,  in  which  he  first  called 
attention  to  the  fact  that  curves  such  as  appear  on  page  18  of  Professor 
Epstein's  paper  arc  parabolas,  and  the  rest  all  follows  from  that    Then 


19060 


AND   (TS   MATERIALS  :  DISCUSSION- 


103 


with  regard  to  the  question  of  elastic  fatigue,  I  am  glad  to  find  tlial   The 
Professor  Epstein  does  not  consider  that  point  as  definitely  settled,   ^^^"^"^ 
sad  that  he  too  welcomes  further  experiments  on   it.     The  ques- 
tions of   the  proper  tests   to   he  applied   to   high   tension   apparatus 
have   been  considered  very  carefully  by  the  Engineering  Standards 
Committee  for  some  time  past^  and  they  have  decided  that^  before 
attempting  to  formulate  what  those  tests  should   be,  further  experi- 
Is  are   required  :  and  arrangements  are  now  being  made,  thanks 
e  kind  assistance  we  are  receiving  from  a  number   of   manu- 
rers,    for   the   carrying    out    by    Mr,    Rayner    in    the     National 
Physical  Laboratory  of  a  large  series  of  tests  to  elucidate  that  very 
important  point.    As  I  say»  it  was  especially  interesting  to  me  to  find 
that  Professor  Epstein  agreed  that  these  experiments  were  necessary 
and   desirable,  and   in   hoping  that  we   might  from   them   arrive  at 
results  as  important  and  as  interesting  as  those   already  reached  by 
Mr.    Havner   in    the    experiments   to   which    Professor    Epstein    has 
rderred.     There  is  one  remark  on  page  46  to  which  I  should  hke  to 
refer.    Professor  Epstein  here  writes :  ^'  From  experiments  made  on 
samples  of  cotton-covered  wire  by  the  National  Physical  Laboratory  of 
GrcAt  Britain^  125  deg.  C.  was  taken  as  an  approximate  safe  Hmit/* 
I  do  not  think  Professor  Epstein  meant  to  imply  tliat  that  was  an 
approximate   safe   hmit   that    might    be    reached    in   actual   working 
machinery.   All  Mr,  fiayner's  experiment  showed  ^"as  that  a  coil  of  wire 
wound  on  a  proper  former  and  left  at  rest  could  stand  that  temperature 
fof  a  very  considerable  time  without  showing  any  fall  in  insulation,  or 
rather  that  it  s^howed  on  the  whole  an  increase  of  insulation.     But  that 
tbat  temperature  should  be  a  permissible  one  in  actual  working  never 
crossed  the  minds  of  the  Engineering  Standards  Committee,  who  were 
restponsiblc  for  these  measurements,  and  it  was  not,  1  think,  Professor 
Epstein's  intention  to  surest  that  in  anything   he    has    written    in 
bj»  paper, 

1  have  trespassed,  I  am  afraid,  too  long  on  your  time,  by  these 
NQiarks,  hut  1  wanted  to  call  attention  to  one  or  two  points  that 
seemed  to  me  of  great  interest  and  importance,  I  now  have  to  ask 
Jfou  to  express,  as  you  have  really  already  done,  your  hearty  thanks  to 
Ppofessor  Epstein  for  his  paper. 
The  resolution  of  thanks  was  carried  with  acclamation. 
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Proceedings  of  the  Four  Hundred  and  Forty-sixth 
Ordinary  General  Meeting  of  the  Institution  ol 
Electrical  Engineers,  held  in  the  Rooms  of  the 
Institution  of  Civil  Engineers,  Great  George 
Street,  Westminster,  on  Thursday  evening, 
December  6,  1906 — Dr.  R.  T.  Glazebrook, 
F.R.S.,   President,  in  the  chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on  Novembci 
22,  1906,  were  taken  as  read,  and  confirmed. 

The  list  of  candidates  for  election  into  the  Institution  was  taken  as 
read,  and  it  was  ordered  that  it  should  be  suspended  in  the  Library. 

The  following    list  of    transfers  was  published  as  having    been 
approved  by  the  Council : — 

TRANSFERS. 

From  the  class  of  Associate  Members  to  that  of  Members  :— 
Ernest  Marmaduke  Sellon. 

From  the  class  of  Associates  to  that  of  Members  : — 
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Donations  to  the  Library  were  announced  as  having  been  received 
since  the  last  meeting  from  Messrs.  C.  Barus,  H.  Boms,  G.  Dcttmar, 
Capt.  E.  O.  Henrici,  J.  H.  McGraw  and  W.  D.  Weaver,  E.  \V. 
Marcbant,  R  F.  Rowell,  G.  W.  de  Tunzelmann,  and  The  Vulcan  Boiler 
and  General  Insurance  Company,  Ltd.,  to  whom  the  thanks  of  the 
meeting  were  duly  accorded. 

The  discussion  on  Professor  J.  Epstein's  paper  was  concluded 
(sec  p.  03). 

The  meeting  adjourned  at  9.35  p.m. 
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Proceedings  of  the  Four  Hundred  and  Forty-seventh 
Ordinary  General  Meeting  of  the  Institution  of 
Electrical  Engineers,  held  in  the  Rooms  of  the 
Institution  of  Civil  Engineers,  Great  George 
Street,  Westminster,  on  Thursday  evening, 
December  20,  1906,  Dr.  R.  T.  Glazebrook, 
F.R.S.,  President,  in  the  chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on  December  6, 
1906,  were  taken  as  read  and  confirmed. 

The  list  of  candidates  for  election  into  the  Institution  was  taken  as 
read,  and  it  was  ordered  that  it  should  be  suspended  in  the  Library. 

The  following   list    of    transfers  was  published  as  having  been 
approved  by  the  Council : — 
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THE  TRACK  CIRCUIT  AS  INSTALLED  ON  STEAM 

RAILWAYS. 


U 
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By  H,  G.  Brown  J  Associate  Member. 
{Paper  read  Daanher  20,  1906). 


t?re  are,  I  \*ctUiiie  to  think,  many  mcmbcts  who  are  unfamiliar 
with  the  practical  application  of  electricity  to  railway  signalling, 
A^  the  entire  subject  is,  however,  too  large  to  bring  within  the  limits 
of  a  single  paper,  I  have  decided  to  conhne  myself  to  a  description 
of  the  track  circuit  only^  as  installed  on  steam  railways,  of  the  method 
of  its  operation,  and  of  the  laws  governing  its  w^orking,  which  are 
simple  and  definite,  and  have  been  thoroughly  understood  by 
specialists  for  many  years. 

]  believe  that  the  first  track  circuit  used  for  the  control  of  train 
movements  was  installed  in  1871  b}^  a  Mr.  Pope*  His  apparatus  was, 
however,  crude  in  design,  and  was  regarded  by  railway  men  in 
general  with  some  distrust,  but  it  did  not  take  long  to  convince 
tho:ie  interested  that  the  principle  was  sound  and  that  reliability  was 
a  question  of  design  and  construction  only* 

Since  that  time  rjipjd  progress  has  been  made,  and  experience 
has  shown  that  the  track  circuit  not  only  affords  a  greater  degree 
of  saJcly,  but  also  that  its  use  permits  a  closer  headway,  and  there- 
fore a  greater  traffic  capacity,  at  a  smaller  maintenance  cost  than  any 
other  sy*Ntem.  As  a  means  of  automatically  informing  the  engine-driver 
of  the  condition  of  the  tsection  of  Unc  to  which  it  gives  admission, 
It  lb  undoubtedly  the  bel^t,  because  it  is  operated  by  the  presence  of  the 
train  itself  upon  the  melals, 

Jt  is  a  fundamental  principle  in  signalling  that  the  failure  of 
any  part  of  the  system  should  result  in  the  signal  going  to  danger. 
In  designing  the  circuits,  therefore,  each  scheme  of  connections 
must  be  carefully  analysed  to  determine  the  probable  effect  of  the 
earthing  and  short  or  open  circuiting  of  every  instrument  and  wire. 

General  Dc&crtpUon.^—Tht^  principle  upon  which  the  track  circuit 
is  operated  differs  from  that  governing  the  majority  of  electrical 
combinations, 

I  n  railway  signalling,  as  well  as  other  applications,  the  opening 
or  closing  of  electrical  cii  cnits,  the  energising  or  dc-encrgising  of 
the  apparatus  employed,  as  a  general  rule  gives  the  signals,  but 
the  condition  of  the  track  circuit  is  indicated,  or  I  might  say  translated, 
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■  by  means  of  the  total  or  partial  de'energisatloii  of  the  tr^ni^lating 
I  devici?  or  rehiy  i  not  by  the  opening  or  closing  of  the  circuit,  but  by 

■  forming  a  shunt  across  Ihe  relayj  reducing  Che  potential  drop  to  an 
I  appro.icinTate  zero,  or  at  least  to  a  point  below  that  required  for  its 
I  operation, 

I  The  circuit  is  formed  by  the  battery  (Fig,  i^  track  rails  and  r*;lay 

I  tn    series.      The   battery    is    connected    between    the    rails    at    the 

1^  end,    and    the    relay    at    the     beginning   of    the    section*    the    end 

^^H  and  beginning  being  determined  by  the  direction  of  traftic.  The 
H  current  flows  from  the  battery  through  the  entire  length  of  the 
section  on  one  rail,  through  the  relay,  and  back  to  the  battery  through 
the  other  rail.  The  section  of  line  included  in  the  track  circuit  is 
isolated  by  means  of  insulated  fish-plates.  All  rail- joints,  except  those 
sepai'ating  the  sections  from  each  other,  .arc  bonded  to  ensure 
electrical  continuity* 

The  actual  resistajace  of  the  baUast  and  sleepers  is  low,  especially 
in  long  track  sections.    It  SDmetimes  falls  beJow  that  of  the  relay  Itself. 


^ 


Series 

Track  baCDery 


I^Vt,  J. 


I 


and  therefore  the  latter  ol>lains  but  a  portion  of  the  total  current,  the 
rest  leaking  across  from  rail  to  rail  The  average  resistance  per  i  ,ooo 
feet  depends  on  local  cUniatic  conditions  and  the  materials  employed 
in  the  construction  of  the  permanent  way.  Broken  stone  makes  the 
best,  and  cinders  the  worst  ballast  from  the  signal  engineer's  point 
of  view. 

There  are  therefore  two,  and  when  the  section  is  occupied  three, 
resistances  hi  parallel^  namely,  tht  relay,  the  ballast,  and,  in  the  latter 
case,  the  shunt  formed  by  the  train.  These  parallel  resistances  are  in 
series  with  the  internal  resistance  of  the  battery  or  its  equivalent  in 
effect.  The  resistance  of  the  rails  is  not  here  considered,  as  in  properly 
installed  short  track  circuits  it  should  be  negligible. 

The  fact  that  the  working  of  the  circuit  is  dependent  on  the 
variation  in  the  resistance  between  the  rails  points  to  the  necessity 
of  a  resistance  external  to  the  track  but  in  series  with  it.  This  series 
resistance  plays  a  most  important  part,  for  if  the  battery  had  no 
internal  resistance,  or  if  its  cquis^alent  were  omitted,  the  full  potential 
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woald  t>e  maintained  across  the  relay  no  maitcr  how  nmch  the 
resistance  between  the  rails  nyight  be  reduced  by  a  train  occupying 
the  section. 

Kef  ay  S/rwwK— Effective  shunting  is  the  main  question*  The  shunt 
formed  by  an  engine  and  train  has  a  resistance  so  low  as  to  be  without 
interest,  but  if  formed  by  a  light  single  vehicle  the  resistance  is  some- 
limes  relatively  high,  on  account  of  the  smaller  contact  surface  and 
pressure  between  the  rails  and  the  wheels.  If  the  rails  and  wheels 
are  rusty  it  is,  of  coarse,  greater  than  when  they  are  w*orn  clean  and 
bright.  The  fact  that  the  shunt  formed  by  a  light  vehicle  may  l»a%^e 
an  appreciable  resistance  does  not  mean  that  such  vehicles  are 
ineffective  m  shunts,  bnt  that  a  different  adjustment  is  necessary 
where  their  presence  is  probable.  These  adjustments  may  be  obtained 
by  altering  the  electrical  relations  between  the  relay  and  series 
resistance  with  a  given  battery,  also  by  determining  the  length  of 
the  track  circuit  from  the  minimum  resistance  of  the  ballast 
per   t,ooo  feet* 

The  resistance  of  the  shunt  formed  by  a  vehicle  when  stationary  is 
constant,  but  its  value  is  dependent  on  the  condition  of  the  rails  and 
wheel  surfaces  at  the  points  of  contact  as  well  as  on  the  weight  of  the 
wagon,  The  actual  amount  will  therefore  vary  with  different 
positions  of  the  same  vehicle  in  the  same  track  circuit. 

The  shunt  resistance  of  a  single  pair  of  wheels  in  motion  varies. 
It  is  obvious  that  the  resistance  of  a  number  of  pairs  of  wheels  is  pro- 
portionately less  than  that  of  the  individual  units,  and  the  variation 
is  also  lessens  the  minima  and  maxima  of  the  units  would  not  coincide* 
Rolling  stock,  as  regards  shunting  etfcctiveness,  may  be  approximately 
divided  into  two  groups,  namely,  trains  and  engines,  and  single  wagons^ 
and  an  arbitrary  resistance  assumt^d  for  each  class,  high  enough ^ 
with  a  factor  of  safety^  to  exceed  the  maximum  obtained  by  actual 
tests.  In  the  case  of  coaches  fitted  with  ordinary  Mansel  wheels  the 
hubs  and  tyres  must  be  bonded.  For  instance,  the  London  and  North- 
western coaches  running  over  the  District  Railway  have  bonded 
Mansel  wheels  which  give  no  trouble  whatever. 

It  is  fjossible  to  install  track  circuits  which  will  be  operated  in  a 
reliable  manner  by  trolleys,  inspectors'  tricycles,  etc,  but  this  is 
generally  considered  umiccessary,  and  with  good  reason. 

The  sanding  of  rails  is  undoubtedly  detrimental  to  the  satisfactory 
QpcratJon  of  tlie  circuit.  But  the  quantity  of  sand  that  is  realty 
necessary  to  make  the  drivers  grip  shppcry  rails  will  cause  little 
trouble. 

The  maximum  resistance  that  will  shunt  a  given  track  circuit  bcar^ 
a  definite  relation  to  the  ballast  resistance  which  would  cause  the  relay 
to  drop  its  armature,  It  also  varies  inversely  with  the  variation  of  the 
ballast  resistance  above  the  failing  point,  li  the  shunt  is  to  be  effective 
the  combined  resistance  of  the  ballast  and  the  shunt  must  be  equal 
to  or  less  than  that  of  the  ballast  resistance  only,  at  which  the  track 
id  adjusted  to  faih    Again,  the  combined   resistance  of  the  ballast, 
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relay,  and  *^hunt  must  be  equal  to  or  less  than  the  combined  resistance 
of  relay  and  ballast  with  the  section  unoccupied,  at  the  ballaM  resist- 
ance at  which  the  track  is  adjusted  to  fail.  The  resistance  of  the 
rela3%  being  cons  tan  t,  docs  not  affect  the  relation  between  the  effcctii^e 
shunt  and  the  ballast  resistance  for  a  given  adjustment. 

The  iirst  factor  to  be  considered  is  the  minimum  baltast  resistance. 
The  ncxt^  the  maximum  and  the  range  between  the  two.  The  thirds 
the  resistance  of  the  poorest  shunt  which  will  be  effective.  This  latter 
is  settled  by  the  first  two  factors— no  matter  what  the  resistance 
or  pick-up  volts  of  the  relay  in  ay  be, 

Tft€  Rtlay.^ThQ  resistance  of  the  relay  i*  largely  a  question  of 
economy  in  operating  power  and  of  its  adaptability  to  the  battery 
arbitrarily  selected.  Its  function  is  to  open  or  close  local  circuits 
which  control  a  signal  either  directly  or  indirectly,  by  w^orkitig  the 
various  devices  used  in  the  interlocking  of  points  and  signals.  It 
should  be  a  w^ell-made  and  efficient  instrument,  as  but  little  power 
is  generally  available  for  its  operation.  On  steam  railways  a  relay 
should  work  with  not  more  than  o'oi5  of  a  watt.  On  electric  railways, 
on  account  of  the  presence  in  the  track  rails  of  extraneous  currents  of 
some  magnitude^  it  may  be  advisable  to  maintain  a  higher  potential 
between  the  rails  than  would  otherwise  he  necessary^  and  to  employ 
a  less  delicate  iuatrumenl  on  account  of  tiie  risk  of  it  being  subjected 
accidentally  to  the  fuU  potential  of  the  motive  power  service. 

There  are,  liroadly  speaking,  tw*o  kinds  of  relaySj  the  neutral  and 
the  polarised  types.  The  neutral  type  is  uninfiuenced  by  the  polarity 
of  its  field.  The  polarised  relay  has  an  additional  armature  which  b 
polarised  and  operates  contacts  selectively  in  response  to  the  polarity 
of  the  current  energising  its  magnets.  One  of  the  many  uses  of  the 
polarised  relay  is  to  operate  distant  signals  by  means  of  the  reversal  of 
the  track  circuit,  thereby  rendering  unnecessary  the  line  wires  which 
with  the  neutral  type  of  relay  would  be  required  between  the  distant 
or  caution  signal  and  the  stop  signal  controlling  it. 

The  potential  required  to  operate  the  relay  increases  with  its 
resistance,  and  although  the  current  in  the  relay  is  decreased,  the  total 
current  iu  the  circuit  and  therefore  the  total  watts  arc  increased,  as  the? 
ballast  resistance  does  not  vary  with  that  of  the  relay* 

The  relay  contacts  are  operated  by  means  of  the  movement  of  an 
iron  armature.  The  air-gap  in  the  dc-energised  position  is  greater 
than  when  the  relay  is  energised  and  its  armature  has  responded.  For 
this  reason  the  potential  required  to  pick  up  the  armature  is  greater 
than  that  required  to  hold  it  up.  The  range  in  potential  between  the 
armature  pick  up  and  drop  should  he  as  little  as  possible,  and  is  in 
actual  practice  approximately  equal  to  30  to  50  per  cent,  of  the  pick 
up  volts. 

It  is  important  that  the  armature  bearings  should  be  practically 
frictionless  and  the  contacts  constructed  so  that  there  is  no  risk  of 
their  fusing  together.  The  armature  itself  should  be  prevented  from 
actually  touching  the  pole  pieces  on  account  of  the  possibility  of  the 
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presence  of  residual  magnetism.  Any  neglect  of  these  points  might 
result  in  ket'ping  the  armature  in  ihc  energised  position  at  the  wrong 
time  with  po*iSsbJy  disastrons  consequences. 

Front  conlacU  are  known  as  those  which  arc  clostrd  when  the  relay 
is  energised  and  are  platinum  to  carbon,  the  movable  members  being 
platinum  and  the  stationary  ones  carbon.  The  immunity  afforded  by 
this  combination  from  disturbance  by  lightning  discharges  and  heavy 
curreats  from  other  sources  fully  warrants  its  use,  although  the  contact 
resistance  is  a  little  higher  than  might  be  wished. 

Bottom  or  back  contacts  are  closed  when  the  re  J  ay  is  de-cnergised» 
and  are  thertifore  generally  platinum  lo  platinumt  as  there  is  less  contact 
pressure  and  tfie  circuits  they  control  are  relatively  unimportant. 

Tk€  Battery. — A  battery  having  a  constant  potential  and  internal 
reststance  should  be  used  for  this  class  of  work.  The  Daniel!  cell, 
commonly  caUe<l  the  gravity  battery,  was  at  first  almost  universally 
employed.  U  has^  how^ever,  one  unfortunate  characteristic,  namely,  an 
cjcta^mely  variable  internal  resistance*  The  E.M,F.  of  this  battery  being 
approximately  I'l  voltSt  and  its  internal  resistance  being  comparatively 
bigbj  a  supplementary  series  resistance  is  not  required.  In  fact^  it  is 
generally  found  necessary  to  decrease  the  internal  resistance  by 
connecting  two  standard  6x8  inch  cells  in  multiple,  or  by  con- 
strmcting  special  ceils  which  will  give  an  equivalent  result,  A  definite 
ballast  failing  point  adjustment  is  diflicult  to  obtain  with  this  type  of 
cell  unless  it  receives  exceptionally  careful  and  frequent  attention* 

On  the  other  hatid  the  storage  battery  has  much  to  recommend  it- 
Its  Jnteriial  resistance  being  lovv^  it  is  necessary  to  u:^e  an  additional 
external  resistance  in  series  with  it,  the  value  of  which  may  be  altered 
to  suit  local  conditions  asaccuratelyasdesi  red,  Itspotentialdifference 
is  lairly  constant  and  need  not  vary  more  than  lo  per  cent.  In  many 
cases  it  is  more  economical  from  the  maintenance  point  of  vicw% 
although  its  first  cost  is  greater.  As  its  electrolyte  has  a  much  lower 
freezing  point  than  the  zinc  and  copper  sulphate  solutions  in  the 
gravity  battery,  a  deep  battery  well  is  unnecessary  for  protection 
ift>m  cold* 

Bonding,— Ilo  ensure  the  electrical  continuity  of  the  running  rails,  it 
is  necessary  to  bond  the  rail  joints.  Two  bonds  should  be  used  at 
each  joint  on  account  of  their  liability  to  break,  and  also  in  order  lo 
reduce  the  total  tiond  resistance.  No,  8  S.W.G.  galvanised  iron  wire 
rouy  be  used  under  ordinary  conditions.  Copper  is  preferable  when  a 
greater  current-canying  capacity  is  desired  than  that  afforded  by  the 
troD  wire,  or  where  sulphurous  fumes  are  prevalent.  It  is  also  good 
practice  to  use  copper  in  tunnels,  and  where  the  6-ft.  and  4-f i.  ways  arc 
timbered  finsh  with  the  rails. 

Two  kinds  of  signal  bonds  arc  in  general  use,  the  "  rivet "  and  the 
**  taper  sleeve'*  galvanised  iron  wire  patterns.  The  rivet  pattern  was 
the  usual  form  employed,  but  lately  the  taper  sleeve  has  come  into 
greater  favour.  The  former  consists  of  two  galvanised  iron  rivets 
turned  down  for  a  part  of  their  length,  leaviiig  a  shoulder  under  the 
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head  of  the  original  diameter «  round  which  tbe  galvanised  iron  wire  is 
turned  twice,  and  the  whole  is  then  dipped  in  solder.  The  holes  in  the 
rails  are  drilled  slightly  smaller  than  the  machined  part  of  the  rivet,  so 
that  when  driven  home  the  rivet  is  shaved  by  the  edge  of  the  hok, 
ensuring  a  tight  fit  and  clean  surface. 

In  the  taper  sleeve  type  of  bond  the  wire  is  passed  through  a  split 
taper  sleeve,  which  is  then  driven  into  the  hole  in  the  raih  The  tK>nds 
should  be  long  enough  for  a  complete  circular  turn  to  be  made  in  each 
end,  to  allow  for  the  usual  movement  at  the  jomt  without  bringing  a 
strain  on  the  rivets  or  sleeves,  and  they  should  never  tie  fixed  to  the 
sleepers  or  chairs  in  any  way. 

Insulating  fainfs. — Various  types  of  insulating  joints  are  in  common 
use,  such  as  all  steel,  steel  and  wood,  and  all  wood  joints.  I  am  afraid 
I  have  an  old-fashioned  prejudice  in  favour  of  the  oak  joint,  for  flat- 
bo  t  lorn  raiis  at  leasts  and  I  see  no  reason  w^hy  this  joint  should  not  be 
adapted  for  use  with  the  buU-headed  rail  used  in  this  country^  provided 
that  it  is  properly  supported. 

The  wooden  joint  consists  of  two  heavy  oak  blocks  milled  to  fit  the 
rail,  and  are  bolted  to  the  rails,  one  on  each  side  ;  that  is»  the  joint 
is  fished)  with  wooden  blocks  instead  of  the  usual  iron  plates.  The 
rail  ends  arc  separated  by  one  or  tw*o  pieces  of  J-inch  fibre  of  Ihc 
same  shape  as  the  rail  section.  Some  of  the  types  of  insulated  joints  in 
use  fall  far  short  of  even  a  practical  ideal 

General  AdjmtmenL — In  considering  the  adjustment  of  a  track 
circuity  1  will  assume  that  it  should  be  adjusted  to  shunt,  as  well  as  to 
give  a  clear  indication  under  the  worst  ballast  conditions*  This  would 
seem  to  be  an  unnecessary  statement,  but  I  make  it  advisedly,  as  mauy 
track  circuits  are  installed  and  adjusted  to  give  a  clear  indication  when 
the  track  is  unoccupied,  but  if  the  conditions  are  such  that  they  shunt 
indifferentiyi  track  circuiting  as  a  principle  is  apt  to  be  criticised. 

The  rolling  stock,  as  regards  its  shunting  effect,  has  previously  been 
classified  into  two  groups,  the  first  being  engines  and  trains,  the  second 
single  vehicles.  This  would  imply  two  classes  of  track  circuits,  vix. : 
(f)  Main  line:  (2)  sidings,  station  bays,  junctions  for  fouUng,  or  for 
clearing  or  for  point  locking.  Fortunately  the  circuits  In  the  second 
class  would  be  shorter  than  those  in  the  first. 

The  phrase  *'  Ballast  resistance  at  which  the  track  is  adjusted  to 
fail "  may  here  be  explained  as  follows  : — 

If  the  ballast  resistance  falls  below  the  assumed  minimum,  it  is 
evident  that  either  extraordinary  weather  conditions  exist  or  that  there 
is  some  fault  which  forms  a  connection  between  the  rail&i  supposing^ 
of  course,  that  the  section  is  unoccupied. 

The  minimum  ballast  resistance  is  important  only  as  a  point  at 
which  the  track  potential  must  be  sufficient  to  cause  the  relay  to  pick 
up  its  armature,  thereby  insuring  the  continued  working  of  th^  circuit. 
By  virtue  of  the  series  resistance  there  is  a  resistance  below  the 
assumed  minimum  of  the  ballast  at  which  the  relay  will  fail  to  pick  up 
its   armature   on    account   of    the  attendant  decrease  of  the  track 
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polcnlial.  The  circuit  may  he  ad  justed  so  that  this  minimum  bears  a 
«>afe  and  derinite  relation  to  the  mintmam  ballast  resistance,  and  one 
mfght  say  that  this  is  the  point  at  which  the  track  is  adjusted  to  faiL 

This  is  important  because  it  determines  for  all  conditions  of  ballast 

resistance  the  maximum  effective  shunt,  that  is,  the  shunt  resistance 

which    in   parallel  with  the    existing    ballast    resi^i^tance    will    bring 

the  track  potential  down  to  the  failing  point  of  the  relay. 

K         The  relay  has  two  failing  points  :  the  armature  pick  up  and  the 

H  annaltire  drop.     The  adjustment  must  be  such  as  to  allow  the  armature 
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^nT^Sc  up  with  a  margin  at  the  minimum  ballast  resistance*  A  shunt 
■  to  be  effective  must  cause  the  armature  to  drop.  It  is  evident  that  a 
I  shojit  of  lower  resistance  is  required  to  drop  the  armature  than  is 
necessary  to  prevent  it  being  picked  up.  In  Fig.  3,  the  top  curve 
reprc^nts  the  shunt  wiiich  will  prevent  the  pick  up,  and  the  bottom 
that  which  will  cause  the  drop.  The  ordinate^  represent  shunt  re- 
distance,  and  the  abscissa  the  resistance  of  the  ballast. 

The  diagram  is  based  on  the  following  figures  :  A  ballast  minimum 
of  6  ohms  and  a  relay  haviog  an  armature  drop  point  equal  to  one  half 
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the  pick  up  potential.  The  track  is  adjusted  so  that  the  pick  up 
failing  point  will  be  reached  if  the  ballast  resistance  should  drop 
to  4  ohms. 

The  relay  has  a  resistance  of  4  ohms,  a  pick  up  point  of  0*2  volt,  and 
a  drop  point  of  o'l  volt.  With  a  battery  potential  of  2  volts,  a  series 
resistance,  including  the  internal  resistance  of  the  battery,  of  18  ohms 
would  be  required. 

The  ends  of  these  curves  extend  indefinitely  in  both  directions,  for 
at  the  failing  point  the  effective  shunt  would  be  infinite,  and  with  an 
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I  want  lo  make  one  point  very  clear,  namely,  that  if  a  track  b  ad- 
ju!^ted  to  give  a  pick  up  failing  point  at  a  certain  baliast  resistance  or  its 
equivalent^  the  maximum  efifuctive  shunt  at  any  ballast  resistance  is  not 
altered  by  the  resistance  or  pick  np  volts  of  the  relay  used.  If  a  track 
is  adjuivted  to  give  a  pick  up  failing  point  at  a  certain  ballast  resistance 
\^Hth  a  4  ohm  relay,  and  an  8  ohm  relay  is  used,  the  effective  shunt  will 
he  greater  at  all  ballast  resistances  ;  not  through  any  virtue  of  the  relay, 
but  simply  because^  by  its  use  %vithout  altering  the  scries  resistance,  the 
pick  up  failing  point  is  reached  at  a  higher  ballast  resistance. 

With  a  pick  up  adjusted  for  a  given  ballast  resistance,  the  top  ctirve 
would  be  the  same  for  all  relays.  The  position  of  the  bottom  or 
armature  drop  curve  and  its  relation  to  the  top  carve  will  vary  with  the 
adjustment  of  the  relay  arm  at « re. 

This  armature  adjustment  may  be  obtained  by  decreasing  the 
percentage  variation  of  the  armature  air-gap,  either  by  lessening  the 
inovement  of  the  armature  when  adjusted  near  the  pole  pieces,  or  by 
keeping  the  original  amount  of  movement,  and  increasing  the  minimum 
air-gap.  The  adjustment  is  limited  in  the  first  instance  by  the 
necessity  of  maintaining  a  sufficient  space  between  contacts  when 
open,  and  in  the  second  case  by  the  watts  required  on  account  of  the 
totAl  increase  in  the  air-gap.  With  the  type  of  relay  in  general  use, 
the  armature  drop  volts,  as  previously  mentioned,  should  be  from  30  to 
5(0  per  cent,  below  the  pick  up  volts. 

Relays  should  be  adjusted  and  sealed  by  the  manufacturer.  This 
adjustment  gives  the  best  average  results  which  can  be  obtained,  and 
it  should  not  be  altered  by  the  buyer  unless  tie  is  sure  of  what  he  is 
doing.  The  minimum  ballast  resistance  is  to  a  certain  extent  under 
control,  as  it  is  approximately  determined  by  Ihc  length  of  the  circuit, 
but  the  relation  of  the  minimum  lo  the  maximum  depends  on  local 
conditions.  Take  the  6  ohm  minimum  in  Kig.  2  as  an  instance* 
This  equals  a  333*ft  circuit  at  2  ohms  per  1,000  feet,  or  a  a,ooo-fl. 
circuit  at  12  ohms  per  1,000  feet. 

The  shunt  is  the  most  important  factor,  and  we  will  suppose  that  for 
3  certain  class  of  traffic  a  definite  tigure  is  decided  upon*  There  is 
more  than  one  way  of  adjustment,  but  the  following  method  is  pro- 
ductive of  the  most  satisfactory  results. 

A  relay  and  battery  to  be  universally  employed  are  chosen.  The 
length  of  the  circuit  should  be  roughly  determined  by  its  minimum 
balla5.t-res! stance  per  1,000  feet,  and  the  adjustment  obtained  by  alter- 
ing the  amount  of  the  series  resistance. 

H  the  series  resistance  is  non-adjustable,  a  relay  should  be  chosen 
with  its  pick-up  and  drop  volts  bearing  the  correct  relation  to  the  series 
resistance  and  battery  E.MF,  This,  however,  is  a  much  less  flexible 
oiethcxl  of  adjustment. 

In  both  methods  the  relay  drop  failing  point  should  occur  with  a 
ballast  resistance  as  close  as  possible  to  that  of  the  minimum  ballast 
resistance*  Suflicient  allowance  should,  of  course,  be  made  for  the 
fwck  up  and  the  margin  between  the  pick  up  and  minimum  ballast 
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resistance.  Tlie  virtue!?  of  a  track  having  a  4  or  5  ohra  minimum 
are  largely  lost  if  the  relay  drop  occurs  at  a  baUast  resistance  lower 
than  i^  necessary. 

The  relations  between  the  drop  and  pick  np  faiHog  point  arc  fixed, 
whereas  the  margin  referred  to  is  a  factor  within  control* 

It  should  be  sufficient  to  make  allowances  for  a  ballast  resistance 
reasonal^ly  below  the  anticipated  minimum,  but  not  great  enough  to 
insure  the  circuit  working  under  conditions  caused  by  the  existence  of 
a  fault.  The  whole  question  of  the  value  of  itie  margin  required  to 
insure  uninterrupted  operation  is  one  of  degree* 

If  an  cxceptionallv  low  resistance  between  rails  exists  but  seldom, 
such  an  occurrence  can  be  justly  classified  as  a  fault  rather  than  con- 
sidered as  an  average  minimum,  thereby  greatly  increasing  the  efficiency 
of  the  circuit  from  the  standpoint  of  effective  shunting. 

Where  the  conditions  of  traffic  require  a  long  block  section  and  the 
nature  of  the  track  is  such  that  it  is  undesirable  to  ha%*e  a  long  track 
circuit,  the  section  may  be  cut  into  two  or  more  circuits,  which  collec- 
tible ly  operate  the  one  signal. 

The  measurement  of  resistances  by  substitution  is  often  ad  van* 
tageous.  The  simplest  manner  of  ascertaining  the  resistance  required 
to  shunt  a  track  is  to  connect  an  adjustable  resistance  from  rail  to  rail 
and  gradually  decrease  its  value  unlil  the  relay  armature  drops.  But 
in  making  tests  with  measuring  instruments  it  must  be  kept  in  mind 
that  the  results  obtained  may  need  correction  by  calculation^  because 
the  conditions  may  be  changed  by  the  use  of  the  instruments  them- 
selvesj  with  the  result  that  values  are  obtained  different  from  those 
which  existed  before  their  introduction. 


In  conclusion,  it  will  be   noticed  that  the  use  of  mathematicaJ 

equations  is  avoided  in  the  paper.  I  have  endeavoured  instead  to 
explain  the  principles  of  the  track  circuit  in  such  a  way  that  they  will 
be  logically  and  graphically  evident  It  has  been  necessary  for  the  sake 
of  clearness  to  speak  of  certain  factors  as  having  definite  dimensionSi 
when  in  practice  they  will  vary  from  hour  to  hour  and  from  year  to 
year*  For  the  same  reason  emphasis  and  prominence  have  been  given 
to  certain  conditions  which  have  always  to  be  borne  in  mind,  though 
in  practice  they  occur  but  seldom. 

In  the  case  of  shunting,  for  instance,  the  resistance  of  the  shunt  of 
anything  from  a  reasonably  heavy  brake  van  to  an  entire  train  on  a 
clean  track  is  so  low  that  a  Weston  instrument  with  a  rs^volt  scale 
connected  across  the  relay  would  not  show  any  movement  of  the 
needle  from  zero.  It  becomes  a  serious  question  only  when  the  rails 
are  in  a  bad  condition  and  the  vehicles  light  in  weight.  If  a  track 
circuit  does  not  work  efficiently,  its  arrangement,  and  not  track  circuit- 
ing as  a  principle,  is  open  to  question. 
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Mr,  H.  M.  Sayeks  :  t  desire  to  make  one  or  two  remarks  for  the 
|vurpos«:  of  obtaining  inforinatioti.  1  do  not  understand  the  small 
amount  oi  energy  available  for  the  relay.  The  potentiaJ  between  the 
rails  is  stated  by  Mr,  Brown  to  be  from  2  to  5  volts,  3  volts  usually. 
With  from  3  to  5  volts  available  between  the  rails,  a  or  3  watts,  at  any 
nile,  should  be  available  for  the  relay  coih  ;  and  ^\ncc  the  relay  is  not 
like  a  telegraph  relay,  in  which  the  time  constant  h  important,  but  may 
have  a  relatively  large  mass  and  therefore  be  wound  mith  a  large 
number  of  turns  of  comparatively  large  wire,  there  appears  to  be  no 
parlicidar  reason  w^hy  such  a  construction  should  not  be  used^  and  more 
certain  action  would  seem  to  be  secured.  The  difference  between  the 
"drop  failing  point"  and  the  ** pick-up  failing  point  '*  Mr  Brow*n  tells 
ns  has  been  reduced  to  niL  The  telegraphic  practice  of  using  a  relay 
in  which  the  moving  part  does  not  make  any  material  difference  to  the 
reluctance  of  the  magnetic  circuit  seems  to  be  the  right  way  to  get 
over  the  difference  mentioned  in  the  paper.  Prob.ibly  a  moving  coil 
relay  would  be  a  good  device  for  the  purpose.  To  get  the  greatest 
s^nsllivcnes*^  and  to  fulfil  the  conditions  that  arc  required  in  these  par- 
ticular circumstances,  a  polarised  relay  is  desirable.  I  should  like  to 
ask  if  Mr  Brown  has  noticed  any  critical  point  in  the  voltage  to  be 
matntained  between  the  rails.  Claude,  in  an  interesting  paper  read 
fc>efore  the  International  Society  of  Electricians  in  1900,  dealing  with 
the  question  of  electrolysis  due  to  stray  tramway  currents,  cited  a  large 
number  of  experiments  which  showed  thatj  for  low  voltages,  earth 
reM<itance  between  rails  and  buried  pipes  acted  as  a  metallic  resis- 
tance— that  is,  it  appeared  to  have  a  definite  resistance,  and  the 
current  through  it  varied  directly  with  the  apphed  potential  up  to  a 
certain  point*  Beyond  that  point  there  was  an  electrolytic  or  polaris- 
ing resistance.  Consequently  it  would  seem  that,  if  the  potential 
laetween  the  rails  is  maintained  a  little  above  the  polarising  point,  it 
will  be  much  steadier  under  differing  conditions  of  weather  and 
"  ballast  conductivity"  th;in  if  it  is  below  that  point.  That  point  will 
probably  be  about  2  volts,  or  perhaps  a  little  higher.  Mr»  Brown  may 
know  something  about  this. 

Mr.  W.  J.  Tmor«owxood  :  I  think  isomc  objection  might  be  taken 
to  the  term  ''ballast  resistance'*  as  used  in  the  paper.  In  the  track 
circuit  the  current  passes  from  one  terminal  of  the  battery  through  one 
I  rail  to  the  reLiy»  and  back  through  the  other  rait  to  the  battery*  Any 
I  current  passing  from  rail  to  rail  without  going  through  the  relay  is  in 
It  he  nature  of  a  leak,  and  in  general  electrical  language  the  resistance  of 
That  leak  path  is  know^n  as  the  insulation  resistance.  In  the  hteniture 
\l  the  subject  we  are  discussing,  it  is  called  the  track  circuit  insulation 

-lance*     It  seems  to  me  that  is  a  better  way  of  regarding  it,  seeing 

we  are  new  to  the  subject.     Then,  again,  the  term  '*  ballust  resis- 

Ince"  is  not  generally  applicable,  seeing  that*  in  some  electric  railways 

;iny  rate,  there  is  no  ballast*    On  steam  roads,  where  the  track  circuit 
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is  usedj  the  ballast  is  cleared  away  from  the  top  of  Die  sleepers,  and 
consequently  you  might  speak  of  the  "sleeper  resistance."  In  any 
case,  in  these  days  of  standardisation  I  think  wc  should  keep  to  the 
same  term  for  the  same  thing  used  in  different  cases.  With  reference 
to  using  the  difference  of  potenUalt  it  has  been  the  practice  hitherto  to 
speak  of  the  number  of  niilUampcrcs  which  will  actuate  the  relay.  From 
the  IhcorcticiU  point  of  view  it  may  be  well  to  use  the  difference  of 
potential  when  making  your  calciilations  to  set  out  your  system,  but  I 
think  it  will  be  found  in  practice  easier  to  adjust  your  relay  by  means 
of  the  current  passing  through  it  rather  than  by  the  difference  of 
potential  on  its  terminals.  With  reference  to  the  difference  of  poten- 
tial of  the  storage  battery,  although  the  storage  battery  difference  of 
potential  may  be  allowed  to  vary  lo  per  cent.,  there  is  a  minimum 
difference  of  potential  which  must  be  decided  upon,  below  which  your 
variations  must  not  take  place.  For  instance,  you  may  go  from  2  to 
2^2^  but  not  below'  2.  Coming  to  the  rail  lesistaocCi  as  the  paper  says, 
it  shonld  be  negligible.  So  it  may  be  for  330  ft,  but  when  you  come 
to  2,000  fLj  the  resistance  of  the  rails  themselves  is  six  times  as  large. 
Taking  the  resistance  of  a  length  of  rait  as  018  ohms^ — and  that  is  about 
right  for  t,ooo  ft, — the  current  received  by  the  relay  is  about  i|r  per 
cent,  less  than  if  you  left  the  rail  resistance  out  of  calculation  a! together. 
That  maybe  important  if  you  arc  working  near  the  margin,  and  in  the 
figures  given  in  the  paper  there  arc  only  8  milliamperes  in  excess  of  the 
50  necessary  to  actuate  it.  Mention  is  made  in  the  paper  of  possible  inter- 
ferences of  the  track  circuit  by  extraneous  currents  on  electric  railways 
where  they  take  a  certain  amount  of  care  to  avoid  them.  I  think  the 
track  circuits  on  steam  roads  aie  just  as  likely  to  be  affected  by  these 
extraneous  currents  as  are  electric  railways,  especially  if  the  track 
happens  to  be  in  proximity  to  an  electric  tramway.  You  have  always 
the  liability,  at  any  rate,  of  having  a  difference  of  potential  of  7  v^Us 
on  the  extreme  ends  of  your  electric  tramway.  I  think  the  power,  or 
the  quantity,  of  these  stray  currents  is  rather  more  than  is  sometimes 
thought  or  expected.  In  one  case  a  little  while  ago  I  found  that  from 
a  rail  to  a  point  twenty  yards  distant  there  was  a  current  of  95  milli- 
amperes passing,  and  in  other  cases  1  have  found  a  difference  of 
potential  of  half  a  volt  in  a  distance  of  a  mile.  In  cases  that  have  come 
under  my  notice  where  instruments  have  been  affected,  the  difference 
of  potential  must  have  been  2  volts  at  tlie  very  least,  and  probably  4, 
It  appears  lo  me  that  this  question  of  the  interference  of  tramway 
currents  is  rather  important.  In  Loudon  it  is  well  known  to  telegraph 
people  that  there  are  many  so-called  earth  currents  flying  about 
With  the  advent  of  electric  tramways  and  railways,  the  necessity  may 
easily  arise  of  having  to  insulate  the  track  more  carefully,  or  it  may 
have  to  be  insulated  altogether  if  we  are  to  avoid  interference 
with  the  track  circuit  and  the  signalling.  Alternating  currents  may  be 
used  in  some  districts  to  overcome  the  trouble.  It  may  be  a  remedy, 
btit  the  real  remedy,  it  seems  to  me,  rests  with  the  tramway  companies 
to  provide  efficient  copper  returns^  so  that  their  stray  currents  shall  not 
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affect  other  people  using  the  earth  return.  Possibly,  if  they  did  so^  Mr.Thor- 
thdr  running  charges  might  be  a  Uttle  niore  economical,  ^.nd  at  the  ^°'^*^'***' 
same  time  it  would  be  ad^'antageou^  to  those  using  the  earth  as  a  return* 

Mr,  K*  C  iKVJSHi  ;  I  do  not  think  there  i^  much  I  can  say  in  Mr.  Irviag. 
criticism  of  the  paper,  which  is  very  clear  to  me>  probably  because  Z 
have  had  a  lot  to  do  with  track  circuits*  There  are  one  or  two  points 
I  should  Hke  to  mention  with  regard  to  the  wooden  block  joint.  Bo 
fjir  as  my  experience  goes,  I  have  seen  a  wooden  block  joint  pulled  apart 
about  2  ins.  In  the  morning  after  a  eokl  uight  through  the  contraction 
of  the  rmilSi  and  then  close  up  again  through  the  expansion  of  the  rails 
as  soon  as  the  sun  came  out,  so  that  I  do  not  think  a  wooden  block  joint 
ttsetf  is  quite  strong  enough  for  railway  work.  It  would  be  all  right 
so  far  as  the  lateral  stress  is  concerned,  but  not  for  the  contraction. 
ITiicre  is  another  point  which  is  not  very  importantj  and  that  is  the  use 
of  the  copper  bond*  I  think  galvanised  iron  is  rather  better  than 
copper,  because  there  does  not  seem  to  be  so  much  electrolytic  action 
between  the  two  pieces  of  iron  as  there  is  between  the  copper  and  the 
iron.  This  action,  I  think,  where  small  voltages  are  concerned,  is  rather 
dttrimentaL  It  may  be  interesting  to  the  members  of  this  Institution 
to  call  their  attention  to  tlie  fact  that  the  use  of  the  track  circuit  in  this 
country  has  passed  the  experimental  stage,  there  being  over  300  miles 
of  it  In  use  on  various  railroads,  where  it  is  giving  every  satisfaction, 

Mr.  F,  Gill  :  The  remarks  1  have  to  make  are  more  in  the  form  of  MnGMr" 
questions,  There  are  a  numlier  of  points  in  the  paper  that  1  have  not 
been  able  to  follow  at  all,  so  that  1  thought  if  I  pnt  some  questions  to 
Mr.  Brown  it  might  assist  others  who  are  in  somewhat  the  same  diffi- 
cuHy  as  myself.  With  regard  to  the  qnestionof  the  design  of  the  relays, 
I  do  not  sec  at  the  moment  why  he  wants  to  operate  his  relays  with 
such  a  small  expenditure  of  energy.  He  says  on  steam  railways  a  relay 
^uld  work  with  no  more  than  O'or5  of  a  %vatt.    Then  further  on  in  his 

*r  Mr.  Brown  talks  about  economic  working,  but  I  cannot  see  that 
economy  of  current  in  the  track  circuit  can  t>e  a  very  important  point. 
I  should  have  tliought  you  could  have  afforded  to  spend  energ>^  rather 
liberally  if  it  produced  a  safe  result,  remembering  that  there  is  a  train 
%t  tbi:  back  of  the  whole  thing,  and  that  if  there  is  trouble  it  may  be 
serious*  Then  with  regard  to  the  ballast  resistance^  or  the  leakage 
circuit,  as  one  speaker  called  it,  I  do  not  see  in  the  paper  any  definite 
ligurcs  under  that  heading.  We  get  various  illustrations  saying  that  it 
may  be  one  thing  or  another.  On  page  115  Mr.  Brown  says  it  may  be  a 
3JJ  fL  circuit  at  2  ohms  per  1,000  ft.,  or  a  2,000  ft.  circuit  at  12  ohms 
jmr  1,000  ft.  One  would  like  to  know  what  figure  he  actually  gets  in 
practtcc.  In  the  same  way,  what  is  the  resistance  actually  caused  by 
ianding  ?  1  rather  find  all  through  the  paper  an  absence  of  definite 
figures  which  one  can  seize  and  work  on.  W^ith  regard  to  the  relay 
contacts,  I  notice  that  they  are  carbon  and  platinum.  I  take  it  that 
arc  the  local  circuit  contacts  r  but  the  reason  given  for  the  use  of 
and  platinum  contacts  is  so  as  to  give  freedom  from  lightning 
'^chsifgtes.     It  is  not  very  apparent  to  me  why  that  should  be  the 
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case.    I  sbould  like  to  know  what  Is  the  pressure  on  the  ba.ck  contacts 

of  the  relay,  When  the  relay  has  fallen  back,  when  it  is  shunted,  I 
underst.ind  there  h  a  series  of  back  contacts  made^  and  there  is  no 
mention  made  as  to  wlmt  pressure  is  on  those  contacts.  With  regard 
to  the  question  of  storage  celtSj  last  year  I  was  in  the  States*  and  in 
going  across  the  Union  Pacific  line  I  went  over  mile  after  mile  of 
automatic  signalling*  going  out  West,  I  am  not  sure  whether  it  was 
worked  on  this  principle  ■  it  was  some  sort  of  track  circuit  *  The  raib 
were  certainly  bonded,  and  the  signals  worked  very  nicely.  I  would 
rather  like  to  know  if  Mr.  Brown  can  say  how*  they  manage  lo  look 
after  the  supply  there.  Do  they  use  portable  ceUs  or  primary  cells,  or 
have  they  some  manner  of  keeping  the  secondary  cells  charged  ? 
DudddL  M^*  W*  DuDLJELLi  Like  the   last  speak er,  1  fear  that  I  have  no 

knowledge  of  railw^ay  matters.  I  can  only  ask  a  few  questions,  and 
Mr.  Gill  has  largely  anticipated  the  questions  I  intended  tu  ask.  I 
tlunk  if  Mr.  Brown  could  give  us  in  his  reply  some  tabulated  data  as  to 
the  resistance  of  the  track  between  the  rails  under  different  conditions 
of  work,  and  also  as  lo  the  resistance  of  the  different  classes  of  vehicle 
when  shunting  the  track,  it  would  be  a  valuable  thing  to  have  on  record^ 
so  that  when  we  want  to  calculate  track  circuits  on  railways  in  th« 
future  we  may  know  what  sort  of  figures  we  may  expect  to  obtain*  We 
want  to  know  more  or  less  the  average  results  he  has  obtained  in  his 
extensive  practice* 

E  think  a  little  difficulty  has  arisen  to*night  in  reading  the  paper 
from  the  terms  the  author  has  used.  The  relay  drop  failing  jxiint  and 
the  relay  pick-up  failing  point  are  not  terms  that  we  arc  quite  accus- 
tomed to.  If  Mr.  Brown  had  referred  to  the  volts  with  which  the 
relay  will  pick  up  its  armature  or  drop  it,  I  think  I  should  have  read 
the  paper  with  greater  ease.  I  think  the  terms  Mr.  Brown  used  ari: 
terms  which  are  used  in  another  country*  and  which  are  not  acclimati^d 
in  England  yet. 

One  of  the  speakers  has  referred  to  a  possible  7 -volt  drop  along  the 
rails.  Mr.  Brown»  in  his  paper,  speaks  of  0*2  volt  as  being  the  sort  of 
voltage  at  which  his  relay  operates*  and  it  looks  at  first  sight  as  if  a 
7-volt  drop  along  the  length  of  hoe  might  make  it  an  impossible  thing 
to  work  the  relay.    If  I  understand  htm  correctly,  it  is  Uke  this  : — 


>:>^ 


,x — 

T  -^Rels^  battery 
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Fio.  H, 

A B  and  CD  are  the  two  rails,  and  I  assume  that  there  is  a  coo* 
siderable  difference  of  potential— say  7  volts — between  A  and  B,  and 
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al5C^  between  D  and  C.  This  difference  of  potent ia[,  being  due  either  Ur. 
to  extraneous  causvs  or  to  very  large  but  equal  currents  in  the 
rails,  will  be  in  the  same  direction  in  the  nul  A  B  as  in  the  rail  DC, 
and  I  represent  these  voltages  by  the  long  arrows.  The  small  arrows 
represent  the  voltages  caused  by  the  tnick  battery.  If  we  follow  these 
small  arrows  round  the  circuit,  we  find  that  the  voltage  represented  by 
the  large  arrow  is  added  in  one  rail  and  subtracted  in  the  otber^  so  it 
should  not  hinder  the  working  of  the  relay.  If  this  is  not  the  correct 
explanation.  I  shali  be  glad  if  Mr.  Brown  will  explain,  as  it  is  rather 
diflFicuIt  to  understand  hoiv  he  operates  his  relay  with  onfy  o*a  volt,  with 
possibly  some  thousands  of  amperes  flowing  iJi  the  rails. 

Mr.  Thorhowgooo  :  May  I  explain  that  the  7  volts  I  referred  to   MnThor- 
were  on  the  extreme  end  of  a  tramway  line,  not  a  railway  Une,     You   ^^'^*^ 
get  the  leaking  current  from  the  tramway  through  the  railway  line,  and 
h»ick  again  to  the  central  station  of  the  tramway*  not  the  electric  railway, 

Mr,  DiJDDELL  :  Seven  volts  on  both  rails  ?  Mr,  D^ddt^U 

Mr,  Thorrowgood  :  Yes,  Mr.  Thor- 

Mr.  A.  H.  JuHXSov  :  1  had  the  honour  twrenty-lliree  years  ago  of  Mrjobtiaooj 
being  connected  with  some  of  the  first  experiments  in  America  on 
track  circuits.  Track  circuits  were  first  started  in  this  country.  One 
of  the  ftrst  experimenters  was  Mr.  W.  R.  Sykes,  who  tried  the  scheme 
on  the  Chatham  and  Dover  Railway  in  1870,  I  believe  the  first  large 
instaHatton  was  at  the  Crystal  Palace,  about  1876,  but,  owing  to  the 
principles  of  the  thing  not  being  clearly  understood,  it  was  a  failure, 
although  it  is  to  be  noted  that  Sykes  used  a  one-cell  battery  and  a  one- 
ohm  relay  in  that  installation.  The  Manscll  wheel  was  the  difiiculty. 
When  we  first  started  in  America  we  had  a  great  many  failures  tlirough 
not  understanding  the  principles  on  which  we  were  working.  Although 
several  metnbers  have  spoken  of  the  paper  Mr.  Brown  has  just  read  as 
not  being  very  clear,  it  is  the  best  exposition  of  the  matter  that  I  liave 
ever  read.  Perhaps  Mr.  Brown  will  admit  that  the  margin  of  25  mtlii- 
amperes  between  the  current  at  which  the  armature  picks  up  and  that 
al  which  the  armature  drops  is  not  ideal,  and  I  think  he  says  so  in  his 
paper.  Thai  is  already  being  overcome  in  the  alternaling  track  circuit 
rela^,  but  the  last  word  has  not  yet  been  said  on  the  design  of  dircct- 
cixfTen!  relays,  I  think  it  is  possil>le  to  design  a  direct-current  relay 
isitb  a  very  little  margin.  The  armature  might  be  balanced  in  quite 
a  different  way.  Instead  of  having  lo  make  a  hard  contact  it  might 
make  a  mercury  contact,  and  the  whole  thing  might  be  protected  from 
the  weather  and  moisture  by  being  immersed  in  a  light  oil.  I  have 
bad  such  a  relay  made»  and  I  believe  yoa  will  {nid  that  relays  will  in 
the  fultire  be  made  on  those  lines.  In  conclusion,  I  think  we  have  to 
th;uik  Mr.  Brown  very  much  for  his  able  paper. 

Mr*  F,  C.  R%l'HAKL  :  There  is  one  question  I  would  like  to  ask.     Is   Mr. 
it   fight  that   the   whole  system  should  depend  on  a  ^  in,  thickness   ***i^*^*=^ 
of  fibre  between  the  two  lengths  of  rails^  for  it"  this  1  in.  gets  short* 
dfcuitcd  the  signal  would  immediately  go  to  danger  and  the  whole 
system  breaks  down-    There  is  another  point  I  would  like  to  ask  aboul 
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in  connection  with  the  insulating  joints,  Mr.  Brown  showed  ns  on  the 
screen  an  illustration  of  these  joints  (in  which ^  by  the  way*  the  width  o( 
fibre  certainly  looked  greater  than  J  in,),  and  jiubsequcntly  he  pointed 
to  the  bolts  being  insulated  with  bushes;  btit  I  do  not  quite  see  wbyi 
if  he  uses  wooden  blocks  as  fishplates,  he  wants  to  insulate  the  bolts 
that  go  through  thera  as  welL 

Mr.  J.  Savers  (communicated) :  I  am  sorry  I  cannot  be  present.  I 
should  particularly  have  liked  to  have  asked  Mr,  Brown  for  niore 
definite  information  as  to  the  means  he  proposes  for  making  dirty, 
irregularly  used  tracks  as  safe  and  reliable  with  track-circuiting 
apparatus  as  arc  ordinarily  clean,  we II -used  rails.  I  presume  his  remedy 
is  simply  to  cut  up  the  track  into  more  and  more  sections,  and  so 
gradually  get  nearer  to  a  short  and  perfectly  insulated  pair  of  rails, 
1  think  myself  that  track- circuiting  should  be  limited  to  roads  which 
are  in  practically  constant  use,  and  it  should  never  be  absolutely  relied 
on  for  any  track  which  may  tie  idle  for  several  hours,  especially  if  the 
track  is  then  liable  to  receive  light  engines  or  similar  vehicles  which 
have  been  standing  all  nights 

There  is  also  the  question  of  sand  to  consider.  Unfortunately,  this 
is  mostly  used  in  front  of  starting  signals ;  consequently  when  a  light 
engine  comes  to  a  stand  at  a  starting  signal  it  is  on  the  very  piece  of 
line  which  is  most  likely  to  have  at  bad  conducting  film.  I  have  had 
cases  on  the  Midland  Railway  of  complete  insulation  of  an  engine  on  g, 
track  standing  in  front  of  a  starting  signal  where  a  lot  of  sand  had  been 
previously  used  by  a  light  engine.  Light  engines  are  worse  in  this  con- 
nection, as  there  are  no  train  wheels  after  them  to  help  clear  away  the 
insulating  layer,  I  think  it  is  very  desirable  for  some  means  to  be 
adopted  which  will  render  the  operation  of  the  relays  more  independent 
of  weather  conditions  in  order  that  the  maximum  rolling  shunt*resistance 
which  will  operate  a  given  relay  shall  remain  a  constant. 

In  the  event  of  the  use  of  track-circuiting  for  automatic  signalling  it 
is  particularly  necessary  that  the  track  controlling  the  last  signal  should 
ovei'lap  the  next  one  by  the  usual  space  of  about  400  yards.  This  has 
not  been  done  in  ail  cases  that  I  have  seen,  and  the  absence  of  this 
overlap  is  to  my  mind  a  rather  serious  matter* 

Mr.  H,  G,  Bhowx  (tn  rc/ftv):  To  avoid  repetition  I  will  deal  with 
the  %'arious  points  brought  out  by  the  discussion  under  their  headings, 
instead  of  answering  the  speakers  seriatim. 

Etonomy  of  Pawer. — The  energy  required  for  the  operation  of  a 
system  of  automatic  signals  is  used  for  the  production  of  the  *'  clear  or 
go-ahead  "  indications.  The  ''  danger  or  stop  'indications  arc  obtained 
hy  the  interruption  or  withdrawal  of  the  energy  producing  the  **  line 
clear  or  safety"  signals.  The  armature  of  a  relay  and  the  semaphore 
arm  of  a  signal  go  to  the  danger  position,  or  go  to  a  position  that  causes 
a  danger  signal  to  be  given,  by  means  of  the  force  of  gravity*  The 
movement  due  to  gravity  nuist  be  reliable^  and  the  weight  required  to 
obtain  reliability  depends  largely  on  the  design  of  the  apparatus.  To 
enable  the  system  to  operate,  suflicient  power  must  be  applied  to  raise 
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weights  in  a  rea^iiable  time.     Economy  of  power  may  be  ob-    Mr.  Birnffa  ( 

led  by  decreasing  the  necciisary  work,  providing  the  reliability  of 
operation  is  not  sacrificed.  A  steam  railway  track  circuit  can  be  reliably 
operated  by  maintainLng  a  potential  of  from  o"2  to  0*5  volts  between 
the  rails. 

Oti  an  electric  railway  both  the  traction  and  the  signal  currents  may 
make  joint  use  of  one  at  least  of  the  track  rails.  The  presence  of  both 
carrents  in  Itje  conductors  forming  the  track  circuit  is  a  normal  condi* 
tion  on  a  railway  usin^  the  track  as  a  return,  and  although  abnormal  on 
a  system  with  a  return  conductor  rail,  it  exists  with  sufficient  frequency 
to  warrant  a  similar  treatment  of  both  systems  from  the  {.ignalling  stand- 
point. It  is  essential,  however,  that  the  signal  apparatus  must  be  in  a 
certain  manner  unresponsive  to  the  traction  current,  that  is,  it  must  be 
ifopossibk  for  the  traction  current  to  cause  a  false  *'  section  clear " 
indication. 

In  the  direct-current  system  obtaining  this  result,  the  potential 
between  the  rails  must  be  greater  than  one-half  the  potential  drop  within 
tlie  limits  of  the  track  section  caused  by  the  traction  current*  This 
nsiiilmum  track  circuit  potential  value  is  necessary  to  insure  ao  unin- 
tcirtipted  exhibition  of  the  ^'  hne  clear"  indication  when  the  section  is 
unocci*picd. 

It  is  unnecessary  and  therefore  unwise  to  use  more  power  for  a 
signal  system  than  is  required  to  meet  the  above  conditions, 

$i<^ag£  ami  Gravity  Baltaia.^'Vhc  following  are  three  methods  of 
QMUg  batteries  for  track  circuiting :  the  gravity  battery,  the  portable 
storage  battery,  and  the  permanent  storage  battery  charged  from  mains 
nm  to  the  battery  local ionsi.  Which  sclieme  is  used  depends  on  the 
sij£c  and  importance  of  the  installation  and  other  local  conditions.  Per- 
mancnlly  located  storage  batteries  with  a  system  of  charging  mains 
would  be  cheapest  andVouldgive  the  best  results  on  a  four  or  stx  track 
line  having  short  sections  and  a  frequent  trafiiCi  while  the  gravity 
battery  would  be  a  more  econtmiical  means  of  obtaining  power  on  a 
Imc  carrying  a  relatively  small  traffic  with  long  distances  and  requiring 
a  ^mall  amoujit  of  power  per  unit  of  distance.  The  use  of  storage 
batteries  is  lo  be  preferred  in  intermediate  cases  where  there  may  be 
uncertainty  as  to  which  would  be  cheapest. 

The  Rtht\\ — The  efficiency  of  the  track  circuit  will  be  increased  by 
the  Tcdnclion  of  the  difference  in  value  between  the  armature  pick-up 
and  drop  points.  This  reduction  can  be  obtained  by  the  use  of  the 
inoviiig  coil  relay,  although  tlie  difference  cannot  be  entirely  removed. 
Afi  application  for  a  patent  has  been  made  to  cover  the  use  of  this  type 
of  relay,  in  connection  with  a  track  circuit  to  obtain  the  benetits  of  the 
principle  mvolved. 

The  platinum  to  carbon  contacts  do  not  "  give  freedom  from  light- 
nings" but  prevent  the  contacts  fusing  together  when  subjected  to 
intent  ejctraneous  currents. 

The  hack  contact  pressure  of  the  standard  steam  railway  relay 
dciCfilKKl  is  approximately  25  grammes. 
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fr  Emwn.  It  is  universal  practice  to  adjust  relays  by  the  miUiamperes^  passing 
through  them.  I  believe  it  is  better  to  use  a  voltmeter  in  multiple  than 
a  milliani meter  in  series  wheu  the  relay  is  in  service  on  a  track  circuit 
The  calculations  are  simpler  and  the  condition  of  the  circuit  is  mofc 
graphically  evident  I  most  heartily  join  Mr,  Sayers  in  his  wish  that 
the  operation  of  the  relay  could  be  independent  of  weather  conditions 
and  the  value  of  the  effective  rolling  shunt  could  be  always  the  same. 

Baiiast  l?esis/«rtCd'.— In  actual  practice  the  minimum  ballast  rcsistaiKe 
will  be  found  to  be  from  4  to  12  or  18  ohms  per  thousand  feet  With 
fang  bolt  construction  in  normally  wet  and  poorly  drained  places  it  h 
not  unusual  to  find  but  i  or  li  ohms  per  thousand  feet.  There  are 
many  long  track  circuits  working  satisfactorily  for  main  line  traffic  that 
have  a  total  resistance  between  rails  of  only  one  quarter  or  one  half 
ohm.  I  have  made  many  ballast  resistajice  tests  to  find  out  whether 
or  not  the  resistance  varied  with  the  potential  used^  but  I  have  never 
obtained  results  that  led  me  to  believe  this  was  the  case.  If  there  is 
any  difference  up  to,  say,  7  or  lo  volts,  I  think  it  is  so  small  as  to  be 
practically  of  no  importance. 

Rail  Reshtatic^. — The  resistance  of  an  85-lb.  rail  is  approximately 
o'oi  ohm  per  thousand  feet*  The  total  rail  resistance  of  a  b^ack  circuit 
\raries.  The  total  resistance  of  the  bonds  is  usually  greater  than  that  of 
the  rail  itself^  particularly  so  when  short  rails  are  used.  The  variation 
is  caused  by  the  varying  resistance  of  the  rail  joints.  The  total  resis- 
tance will  never  be  less  than  that  of  the  rail  only,  and  nc%^cr  as  great  as 
the  resistance  of  the  rails  plus  the  bonds*  The  resistance  of  an  un- 
bonded joint  may  be  anything  from  practically  nothing  to  an  ohm  or 
two.  I  once  tested  a  joint  carrying  heavy  traffic  that  w*as  tightly 
bolted  up  and  had  a  majtimum  resistance  of  15  ohms.  Any  result 
from  a  very  low  resistance  to  the  maximum  mentioned  cooM  be 
obtained  by  tapping  it  with  a  sledge  hammer.  The  better  the  bonding 
the  better  the  results, 

Insfilatiiig  foitti  and  Capper  Boftth.— In  my  experience  a  copper 
bond  properly  installed  gives  no  trouble  whatever,  due  to  electrolytic 
or  chemical  action.  I  should  think  that  the  case  mentioned  where  a 
wooden  joint  pulled  apart  and  the  rails  separated  two  inches  should 
be  considered  a  criticism  of  the  permanent  way  construction  or 
maintenance  rather  than  of  the  wooden  joint. 

Sand.— It  is  evident  that  there  must  be  a  more  or  less  intimate  rcla* 
tion  between  the  vehicle  and  the  rails.  But  it  is  impossible  to  say 
without  knowing  the  exact  conditions  existing  at  the  time,  in  the  case 
mentioned  by  Mr.  Sayers,  whetlier  or  not  the  difficulties  encountered 
were  insurmountable.  In  my  personal  experience  I  have  never  known 
a  case  when  these  difficulties  could  not  be  overcome. 

Overlap.— Xn  overlap  is  absolutely  necessarj^  to  insure  safe  working. 
In  no  case  should  it  be  possible  for  a  signal  to  go  to  the  safety  position 
until  the  tail  of  the  train  has  passed  a  certain  distance  beyond  the  next 
signal. 

The  length  of  this  overlap  should  be  determined  by  the  braking  rate 
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and  inaximum  spet^d  of  the  trains.     U  155  usual  practice  to  take  the   *fr.  Browa,^ 

distance  required  to  stop  a  tram  travelling  at  maximum  tspeed  by  an 

cmcri^ency  application  of  the  brakes  made  when  passing  the  signal,  and 

to  add,  f^y,  25  per  cent,  as  a  factor  of  safety.    The  distance  is  not 

alvrays  the  same  at  all  signals,  as  it  is  altered  by  the  alignment  and 

grade.     This  allowance  is  amply  snfiicierit,  as  it  is  reasonable  to  assume 

that  the  application  of  the  brakes  will   be  made  before  passing  the 

iignaU  if  at  all,  unless  the  automatic  stop  is  in  iise>     If  the  overlap  is 

short  the  signal  need  not  go  to  danger  until  the  front  end  of  the  train 

has  reached  the  release  point  of  the  previous  section,  but  if  it  is  long  it 

H  heller  to  make  the  o%'erlap  absolute^  that  is,  the  signal  is  put   to 

danger  as  soon  as  the  front  end  of  the  train  passes  it,  causing  bolh 

signals  to  be  at  danger  while  any  part  of  the  train  is  in  the  overlap, 

Exiraneom  Curnnh. — The  time  available  is  insufficient  for  an 
exhattstive  treatment  of  the  eH'ects  of  extraneous  currents  on  the  track 
circuit  It  is  extremely  unlikely  that  the  total  return  drop  of  a 
Imin  system  would  ever  be  felt  on  a  single  track  circuit,  though  it  is 
often  the  case  that  extraneous  currents  create  a  potential  between  the 
raib  oS  a  sufficient  value  to  interfere  seriously  with  the  operation  of  the 
system.  Il  is  evident  that  this  potential  need  not  be  very  high  to 
accomplish  this  result,  because  the  normal  track  potential  is  less 
than  a  volL 

Generally,  this  interference  tends  towards  the  interruption  of  traffic 
only,  but  under  certain  conditions  it  may  cause  the  exhibition  of  falsely 
clear  indications  when  the  section  is  occupied,  unless  a  system  which  is 
safeguarded  from  the  dangerous  effects  of  these  influences  has  t>een 
adopted.  Such  a  system  should  be  chosen  for  localities  where  trouble 
loay  ocair  from  these  causes. 

The  PRESIORXT  :  I  now  ask  you  formally  to  convey  your  thanks  to  Th* 

Brown  for  his  paper,  and  for  giving  in  his  reply  some  of  the   **«^^*"** 

[rfional  information  asked  for  in  the  discussion. 

The  resolution  of  thanks  wat  then  put  and  carried  with  acclamation. 

The  meeting  adjourned  at  9.40  p.m. 
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INAUGURAL  ADDRESS  OF  THE   CHAIRMAN, 

R,  A,  Chattock,  Member. 

(ABSTRACT.) 

November  21^  1906. 

I  am  deeply  sensible  of  the  honour  you  have  done  mc  in  placing 
me  in  the  position  of  Chairman  of  this  Section  of  the  Institution,  an 
honour  f>r  which  I  feel  the  highest  appreciation,  1  can  assure  you 
that  it  will  be  my  earnest  endeavour  to  maintain  the  higli  tone  which 
has  always  characterised  the  Birmingham  Local  Section ,  both  as 
regards  the  papers  to  be  presented  before  it  and  as  regards  tlie  dis- 
cussions upon  those  papers. 

When  we  look  down  the  list  of  names  comprising  the  Members, 
Associate  Members,  and  Associates  in  our  Section,  we  come  across  a 
considerable  number  of  gentlemen  who  are  connected  with  the 
educational  side  of  electrical  engmeering — gentlemen  who  are  holding 
some  of  the  highest  positions  in  the  educational  world.  I  think  yoti 
will  all  agree  with  me  that  our  Section  is  to  be  warmly  congratulated 
upon  this  fact,  more  especially  because  these  gentlemen  have  as^- 
ciated  themselves  to  a  very  great  extent  with  the  furtherance  of  the 
interests  of  this  Section. 

Such  men  are  not  specialists  in  any  one  branch  of  electrical 
engineerfng  in  the  same  way  that  most  of  us  are*  They  keep  in  touch 
with-^in  fact,  many  of  them  are  responsible  for — the  latest  develop- 
ments in  the  electrical  industry,  and  they  have  to  be  thoroughly 
conversant  with  all  branches  of  that  industry  in  order  to  train  the 
young  engineers  who  pass  through  their  hands.  We  all  know  how 
important  education  is  to  the  young  engineer  at  the  commencement  of 
his  career,  and  it  is  here  that  we  reap  the  benefit  of  being  associated 
with  gentlemen  who  are  connected  with  the  educational  side  of  the 
profession* 

Necessarily  we  are  all  becoming  specialists  in  one  branch  or 
another  of  our  profession*  Personally,  I  have  myself  specialised  for  a 
considerable  number  of  years  now  in  that  liranch  dealing  with  electric 
supply,  and  as  this  branch  has  recently  been  making  very  considerable 
strides  in  Birmingham,  it  may  be  of  interest  to  the  members  to  offer  a 
few  remarks  upon  the  considerations  governing  this  development* 

In  one  way  Birmingham  is  to  be  congratulated  upon  liaving 
delayed  the  development  of  its  electrical  supply  until  the  present  time. 
By  so  doing  it  has  been  able  to  see  how  electric  s^ipply  has  been 
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developing  in  other  large  centres  of  commerce,  and  it  has  been  in  the 
position  to  slarl  afrush»  and  to  make  provision  for  dealing  with  the 
enorTnons  power'  supply  that  it  h  confidently  anticipated  will  be 
required  in  its  area.  It  has  also  been  able  to  adopt  the  most  modern 
and  efficient  types  of  machinery  for  giving  thiij  supply,  and  to  propor- 
tion the  size  of  its  units  in  accordance  with  the  demand  that  may  be 
expected. 

Already,  although  the  first  instalment  of  the  general  scheme  is 
barely  completed,  our  large  manufacturers  are  looking  carefully  into 
l!ie  question  of  adopting  electrical  power  for  driving  their  works,  and 
they  arc  doing  this  not  in  a  hesitating  way,  such  as  by  installing  a  few 
j»mall  motors  in  their  works,  but  many  of  them  are  considertng  the 
installation  of  some  hundreds  of  horse  power,  varying  from  two  or 
three  hundred  to  as  much  as  fifteen  hundred.  It  would  therefore 
appear  that  the  spirit  in  which  Birmingham  is  dealing  with  its 
electrical  supply  is  being  appreciated  by  its  citii'^ens,  and  thel'e  is  every 
indication  timt  the  policy  adopted  is  a  right  one,  and  will  eventually 
tend  greatly  to  increase  the  welfare  of  the  city. 

As  an  initial  rceison  for  developing  this  large  scheme  of  supply 
Birmingham  had  its  tram ways^  which  it  was  decided  to  electrify,  and 
by  obtaining  such  a  load  upon  its  new  station  it  assured  itself 
of  an  immediate  return  upon  a  considerable  proportion  of  its  capital 
outlay. 

The  cily  is,  however,  as  I  have  mentioned,  confidently  anticipating  a 
very  much  larger  demand  than  even  its  tramways  can  give  it,  and 
a  demand  which  has  a  very^  much  belter  load  factor  than  that  of  a 
tramway  supply.  The  importance  of  tliis  will  be  recognised  when  it  is 
pointed  out  that  in  many  manufactureis'  works  a  load  factor  as  high 
as  60  per  cent,  can  be  obtained,  whilst  the  load  factor  on  a  tramway 
supply  averages  abotit  25  per  cent. 

The  great  benefit  of  a  high  load  factor  in  reducing  the  total  costs  is 
now  well  recognised,  and  it  is  only  fair  to  those  users  who  operate  with 
5uch  a  high  load  factor  to  give  them  the  full  benefit  of  the  reduction  in 
the  costs,  by  charging  them  a  low  price  for  the  current. 

By  follow'ing  up  this  policy  and  offering  inducements  to  large 
power  consumers  to  take  a  supply  of  electric  power^inducements 
which  are  perfectly  legitimate— there  is  no  doubt  that  an  enormous 
supply  business  can  be  built  tip  and  made  remunerative  in  an  area  such 
as  we  are  considering* 

In  the  foregoing  remarks  I  have  called  attention  to  the  development 
of  a  supply  for  power  purposes  ;  I  think,  however,  that  the  question  of 
a  supply  for  lighting  should  not  be  lost  sight  of.  In  connection  wntli 
this,  it  would  appear  that  the  public  have  been  %'ery  quick  to  recognise 
the  great  advantage  of  using  lamps  which  have  a  higher  efficiency  than 
that  of  the  ordinary  incandescent  lamp.  1  refer,  of  course,  to  the 
'•  tantalum  "and  the  *'  Nernst "  lamps,  which  are  now  established  on  a 
thoroughly  commercial  basis. 

The  current  consumption  4n  these  lamps  is  roughly  i|  watli  pet 
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candle- power,  as  compared  with  ^i  to  4  watts  per  candie-powcr  in  the 

ordinary  incande:^ccnt  kunp,  and  although  in  some  cases  b\'  the  adoption 
of  these  Limps  tlie  amount  of  current  sold  to  certain  Gonsumers  is 
reduced,  yet  there  is  no  doubt  thut  this  cheaper  form  of  lighting  is 
popularising  the  use  of  electric  h^^ht,  and  many  people  are  increasing 
the  quantity  of  light  they  use  now  they  hud  they  can  get  it  at  a  cheaper 
rate.  It  need  not  therefore  be  feared  that  the  smaller  consumption 
per  candle-power  will  make  any  real  difference  to  the  business  of  the 
supply  companVp  but,  on  the  contrarv»  1  am  of  the  opinion  that  busi- 
ness will  be  considerably  stimulated  by  this  development, 

I  should  also  hke  to  mention  to  you  another  form  of  lighting,  which 
is  now  beginning  to  come  to  the  fore  in  connection  with  factories  and 
workshops,  that  is^  the  ''Cooper*  He  wilt"  or  "  mercury  vapour"  lamp. 
This  lamp  really  consists  of  an  electric  arc  passing  through  mercury 
vapour  in  a  vacuum  tube.  It  has  the  pecubarity  that  there  are  no  red 
rays  produced  in  the  light  given  off,  and  the  general  effect  is  somewhat 
ghastly  until  one  gets  used  to  it  ;  it  is,  however,  one  of  the  most 
cfTicient  forms  of  lighting  that  we  have,  the  consumption  being  from 
half  to  three-quarters  of  a  watt  per  candle-power  given  off.  In 
addition  to  this  the  light  is  so  w^ell  diffused,  being  considerably  whiter 
than  ordinary  daylight,  that  it  is  possible  to  see  round  a  corner  with  it- 
The  advantage  of  this  in  a  workshop  will  be  very  apparent  when  it  is 
remembered  what  intense  shadows  are  thrown  by  ordinary  arc  light- 
ing. Many  workshops  in  the  country  are  now  being  fitted  up  with  this 
form  of  hghting,  and  there  will  shortly  be  some  in  this  city*  The 
results  obtained  are,  I  understand,  giving  the  highest  satisfaction  both 
as  to  the  quality  of  the  light  and  the  economy  in  the  consumption  of 
current.  The  absence  of  attention  necessary  is  also  another  point  in 
its  favour,  there  being  no  trimming  required,  whilst  the  life  of  .  the 
lamps  is  anything  from  one  to  two  thousand  hours. 

Turning  now  to  the  development  of  the  supply  undertaking,  the 
first  point  to  consider  in  connection  with  the  general  scheme  of  supply 
was  that  of  the  existing  supply  and  how  it  could  best  be  worked  in. 

The  existing  supply  was  a  direct-current  one,  given  by  means  of  a 
3*wire  network  at  a  pressure  of  440  volts  across  the  outers.  The 
greater  portion  of  this  supply  was  confined  to  the  centre  of  the  city* 
only  one  of  the  outlying  residential  districts  being  equipped  as  well. 

The  existing  generating  stations  were  completed  up  to  their  full 
capacity,  and  a  very  considerable  capital  outlay  was  involved  in  them, 
which  it  was  inadvisable  to  discard. 

As  a  convenient  site  for  a  large  power  station  was  obtainable  near 
to  the  existing  generating  stations,  it  was  decided  that  the  best  way  to 
deal  with  the  increased  demand  that  was  expected  from  these  generating 
stations  was  to  give  a  bulk  supply  of  low-pressure  direct  current  from 
the  new  power  station  to  each  of  the  existing  generating  stations,  and 
to  use  these  generating  stations  for  dealing  with  the  peak  load  only.  It 
was  found  economical  to  supply  direct  current  in  bulk  in  this  way 
rather  than  to  supply  high-tension  current  and  transfprm  it  on  site. 
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This  point  therefore  necessitated  that  a  certain  proportion  of  the 
machinery  at  I  he  power  station  should  be  of  the  direct- cur  rent  type. 

In  the  outlying  districts  of  the  city,  which  have  up  to  the  present 
never  been  exploited,  it  w;is  decided,  for  the  sake  of  uniformity,  to  give 
a  direct-current  suppl}--  at  a  similar  pressure  to  that  in  the  centre  of  the 
city*.  For  I  his  purpo^ic  the  city  was  mapped  out  into  five  districts,  and 
a  centre  was  cliosen  in  each  district^  at  which  a  sub-station  was  erected, 
from  which  it  was  arranged  to  distribute  the  current. 

These  various  centres  are  roughly  located  at  a  radius  of  about  three 
miles  from  the  power  station,  and  in  order  to  supply  them  economically 
it  Wiis  necessary  to  utilise  high -pressure  current.  A  3-phase  alternating 
current  at  a  pressure  of  5,000  volts  was  decided  upon  as  being  the  most 
suitable  Cor  this  purpose,  and  a  periodicity  of  :z5  cycles  per  second  was 
;i'Jopted  in  order  that  it  might  be  possible  to  use  rotary  converters  for 
Irajisforming  the  current  in  the  sub-stations.  This  rather  low  period- 
icity was  considered  necessary  on  account  of  the  considerable  fluctua- 
tions in  the  load  that  are  expected  by  reason  of  the  large  demand  for 
pom^er. 

Rotary  converters  were  chosen  for  the  sub-stations  on  account  of 
their  very  much  higher  efficiency  over  an  alternative  of  motor- 
generators,  with  which  latter^  of  COtirse,  a  higher  periodicity  could 
be  used  satisfactorily. 

The  fact  that  direct-current  generating  plant  was  required  in  the 
power  station  for  the  bulk  supply  to  the  other  gejierating  stations 
led  to  the  decision  to  give  a  local  supply  for  lighting  and  power 
purposes  in  the  immediate  neighbourhood  of  the  pow*er  station  t>y 
means  of  direct  cunent.  By  so  doing  the  losses  in  transformation  in 
this  district  were  obviated. 

It  will  thus  lie  seen  that  a  direct- current  supply  is  available  for  all 
ordinary  distribution  purposes  for  lighting  and  power  throughout 
practically  the  whole  of  the  city,  and  the  cables  used  for  distrit>utin^ 
this  current  have  been  installed  of  sufficient  size  for  all  ordinjiry 
|uirements  in  the  districts. 

It  was  felt  in  the  ca^e  oi  large  manufacturers,  who  might  require 
a  considerable  !^upply  of  power ^  that  it  would  not  be  economical  to 
give  such  a  supply  by  means  of  the  ordinary  distributing  network 
The  question  of  pressure  regulation  of  such  a  network  would  t>e 
interfered  with  to  too  great  an  extent. 

It  was  therefore  decided  to  deal  with  all  large  manufacturers' 
demands  by  means  of  high-tension  current  supply,  and  for  this 
parpose  eventually  a  high-tension  ring  main  will  be  run  completely 
round  the  city,  joining  up  the  various  sub-stations,  and  looped  into 
the  various  large  works  where  the  supply  is  required. 

In  these  works  it  is  proposed  to  transform  the  high-tension  current 
by  means  of  static  transformers  into  low-tension  3-phase  current, 
by  means  of  which  a  supply  will  be  given  to  3-ptiase  motors  in 
I  he  works.  Sanction  has  been  obtained  from  the  Board  of  Trade 
for  a  supply  to  ht  given  in  this  way. 
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The  fact  that  direct  current  was  available  in  such  a  number  of 
centres  in  the  city  suggested  the  advisability  of  splitting  up  the  supply 
to  the  tramways  into  districts.  In  this  way  less  interference  from 
possible  breakdowns  is  anticipated,  and  arrangements  have  been  made 
so  that,  should  the  supply  in  any  one  district  fail,  the  other  districts  can 
take  it  up  between  them.  The  power  station  has  therefore  been 
equipped  with  a  certain  amount  of  direct-current  machinery  for  giving 
a  supply  direct  to  the  tramways  within  a  radius  of  about  two  miles. 
The  sub-stations  have  also  been  equipped  with  distinct  rotary  con- 
verters for  giving  a  supply  to  the  tramways  within  their  own  districts. 
The  tramway  feeder  cables  emanating  from  the  power  station  and 
from  the  sub-stations  arc  linked  up  at  various  points  so  that  an 
emergency  through  supply  can  be  given  should  there  be  a  failure 
in  any  one  district.  I  trust  that  this  short  review  of  the  points 
governing  the  development  of  electric  supply  in  Birmingham  will  be 
of  interest  to  the  members.  It  has  certainly  been  a  most  interesting 
problem  to  work  out,  and  I  hope  I  have  made  clear  the  various  points 
in  connection  with  it. 
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INAUGURAL  ADDRESS   OF  THE   CHAIRMAN, 
George  Wilkinson^  Member. 

{ABSTRACT.) 

October  25,  1906. 

At  the  outset  of  my  address  I  desire  to  thank  you  for  the  honour 
if  erred  on  mc  by  my  etcction  as  Chairman  of  thi;  Lecd^a  Local 
Ction  for  thi;  Session  1 906-1 907 »  It  will  be  my  earnest  endeavour, 
with  the  loyal  and  hearty  co-operation  of  the  Committee^  to  secure  the 
further  growth  and  useful  development  of  our  Section, 

As  a  supply  station  engineer  much  of  my  time  is  taken  up  in 
carrying  out  the  \'aried  duties  connected  with  the  supply  of  electrical 
energy, and  in  endeavouring  to  solve,  in  the  most  direct  and  economical 
w^y,  problems  that  arise  in  connection  with  such  supply.  Such  solu- 
tions are  necessary  if  the  substantial  benefits  which  electricity  can 
furnish  arc  to  be  availaWe  at  a  price  which  all  can  afford  to  pay. 

Considering^  first,  the  power  station.  It  will  often  be  found  that 
while  reasonable  economy  is  secured  in  the  generator  room^  and  care 
IS  taken  to  employ  efiicicnt  plant  and  skilled  labour  therein^  the  boiler 
house,  being  a  less  congenial  sphere,  is  a  department  that  receives  less 
attention^  and  the  details  are  not  so  carefully  considered.  An  investiga- 
tion  of  stippiy  station  records  will  show  that  from  half  to  four-htths  of 
the  works'  cost  of  generation  is  incurred  in  the  lioiler  house,  and  this  is 
chiefly  for  coal ;  it  is  therefore  obvious  that  where  a  fixed  sum  must  be 
allocated  annually  for  the  repayment  of  capital  charges,  the  only  possible 
chance  of  cheapening  the  cost  of  production  to  any  substantial  extent 
lies  in  reducing  the  consumption  of  coal. 

The  free  use  of  steam  traps  is  a  source  of  heavy  loss  in  some 
generating  stations*  Due  to  their  liberal  use  and  to  the  scattered 
positions  they  occupy,  the  hot  water  they  discharge  is  frequently  led 
into  the  nearest  drain  and  runs  to  waste,  A  long  experience  has  ^hown 
that  an  equally  satisfactory  and  more  economical  arrangement  is  to 
connect  all  the  water  separatorsi  valve  casings,  cylinder  jackets,  &c.,  to 
z  snaalJ  pipe,  from  which  steam  is  taken  to  operate  a  bank  of  boiler 
feed  injectors.  By  this  means  all  the  steam  required  to  work  the 
injectors  is  derived  from  points  where  condensed  water  collects  and 


^ 


I8i 


WILKINSON  :  ADDRESS  AS  CHAIRMAN 


[LeedH^ 


it  is  thus  aH  saved  and  expeditiously  carried  back  with  the  steam 
through  the  injectors  direct  into  the  boilers.  The  injectors  used 
should  be  of  varied  sizes,  the  smallest,  when  at  work  continuously, 
being  equal  to  feeding  the  boilers  on  low  loads.  One  steam  trap  of 
suitable  size  is  provided  at  the  end  of  the  injector  block,  and  this  trap 
comei>  into  action  duririf^  tlie  short  and  infrequent  intervals  when  the 
injectors  are  out  of  action  for  repairs.  Another  advantage  of  this 
arrangement  is,  that  the  Uirge  and  often  wasteful  steam-driven  feed 
pumps  can  be  shut  down  and  maintained  as  reserve  plant. 

An  economical  si  and -by  lK)iler-feed  arrangement  is  obtained  by 
employing  three  throw  pumps  driven  by  electric  motors  and  fitted 
with  variable  stroke  gear  which  allows  the  use  of  a  constant  speed 
niotor  and  permits  the  graduation  of  the  stroke  of  the  plungers  from 
the  maximum  to  zero,  or  vke  vend  whilst  in  action.  An  indicator 
should  be  fixed  on  eauh  pump  to  show  the  amount  of  water  delivered 
per  hour* 

A  further  easily  realised  and  very  substantial  economy  is  to  employ 
water  of  steam  temperature  to  feed  the  boilers.  Effective  plant  for 
securing  steam  temperature  feed  is  simple*  easily  applied,  and  neither 
costly  nor  cumbersome,  and  its  adoption  will  secure  an  increased 
economy  averaging  at  least  7  per  cent*  Where  steam  temperature  feed 
%vater  is  introduced,  a  further  step  in  point  of  output  and  efficiency  may 
be  expected  if  the  boiler  furnaces  are  enlarged  and  titted  in  every  case 
with  a  brick  arch  so  that  the  Hames  do  not  directly  impinge  upon  the 
heating  surfaces.  This  will  not  only  reduce  the  smoke,  but  will  raise 
the  furnace  temperature  and  increase  the  steam  output  of  the  boiler, 

Practical  objections  to  such  enlarged  furnaces  are  (ist)  the  difficulty 
of  covering  the  bars  with  fuel,  (2nd)  the  liability  of  the  fire  to  burn  in 
holes.  These  objections,  I  think,  may  be  eflicicntly  met  in  tubular 
boilers^  by  employing  the  well-known  chain  grate  bars  of  extra  lengtti 
and  width, and  in  Lancashire  boilers  the  most  effective  remedy  appears 
to  be  the  removal  of  the  furnaces  from  the  narrow  flue  tubes  to  the 
front  of  the  l^oiler,  larger  furnaces  being  built  out  on  the  boiler  front 
wilh  wrought  iron  plates  well  lined  inside  with  lirubrick  and  provided 
with  fire  brick  archcsj  and  on  the  outside  by  ordinary  brickwork,  a 
cavity  being  formed  between  the  outside  brick  lining  and  the  metal 
shell  of  the  furnace.  Air  for  supporting  combustion  will  be  drawn 
through  this  cavity  entering  by  an  aperture  located  over  the  furnace 
and  round  the  sides  thereof,  thereby  picking  up  any  waste  heat  and 
passing  at  a  high  temperature  through  the  grate  bars  to  the  fuel.  By 
these  methods  not  only  will  a  higher  furnace  temperature  be  reached, 
but  the  heat  upon  the  boiler  plates  will  be  better  distributed  and  Ihe 
ebullition  area  thereby  extended. 

So  long  as  carbon  lilament  lamps  continue  to  be  used  and  in  view 
of  the  improvements  in  efhciency  and  grading  which  will  be  effected 
in  these  lamps  in  the  near  future  by  British  manufacturers,  it  is 
important  that  more  uniform  pressure  should  be  obtained  upon 
electricity  supply  mains.    My  experience  is,  that  pressure  regulation 
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by  automatic  apparatus  is  the  only  satislactoi y  and  effective  method  of 
obtaining  good  and  dead  beat  regulatioo.  In  addttion  it  h  necessary 
to  have  distribution  mains  of  ample  section,  as  prcssnrc  regulators  can 
maintain  uniform  pressure  only  at  predetermined  points  upon  the 
network,  Tlie  loo  frequent  practice  of  increasing  the  pressure  to 
an  excessive  degree  at  feeding  points,  in  order  to  compensate  for 
abnonnat  drop  upon  the  dislribution  mainSj  is  to  be  strongly  con- 
demned :  the  proper  remedy  for  poor  hghting  at  the  extremities  of 
distribution  mains  is  to  put  down  more  copper. 

Works  which  still  give  a  low  voltage  supply — ?ay,  near  lOO  voUs — 
are  likely  to  reap  a  rich  reward  in  the  near  future,  as  the  consumers 
arc  in  a  position  to  obtain  the  economic  benefits  offered  by  the  new 
metallic  liiament  incandescent  lamps.  I  have  had  lamps  of  this  type 
in  use  in  my  house  since  July  last,  each  giving  a  light  equal  to  32 
British  candles  for  an  expenditure  of  under  40  watts.  With  current  at 
^d*  per  unit,  and  including  the  extra  retail  price  of  the  metallic  filament 
lamps  as  against  the  carbon  lamps^  and  assuming  an  average  hfe  of 
600  hours  only  for  the  metal  lie  tdament  lamp,  the  relative  cost  conies 
out  for  32  c*p.  lamps  for  the  600  hours  at  iis.  in  the  case  of  the  former 
a5  against  17s.  gd.  for  the  latter.  As  far  as  1  can  judge  from  results  in 
my  house,  the  useful  life  of  the  metallic  filaments  will  average  at  least 
double  that  of  the  carbon  lamps,  while  they  are  not  so  sensitive  to 
voltage  variation,  give  a  more  brilhant  quality  of  light,  and  the  bulbs 
on  normal  voltage  do  not  blacken,  hence  the  candle  power  is  more 
tuitform  throughout  the  life  of  the  lamp. 

The  question  of  tariffs  is  one  which  might  with  advantage  be  con- 
sidered by  an  organisation  representative  of  the  whole  supply  industry, 

;  issue  of  recommendations  by  such  an  organisation  would  be  useful 
^engineers,  and  especially  to  directors  and  committee-men,  many  of 
whom  appear  to  be  in  uUer  ignorance  of  the  fundamental  principle's 
governing  the  vital  question  of  tariffs. 

In  my  view  the  adoption  of  flat  rates  with  graduated  discounts, 
according  to  the  number  of  units  used  during  a  specified  period,  is 
fundain  en  tally  wrong.  Such  a  tariff  cannot  be  fair  and  equitable  ; 
customers  who  are  quite  unprofitable  may  get  a  substantial  discount, 
while  cu^aomers  who  are  exceedingly  profitable  to  the  supply  may  get 
a  very  small  discount.  Attempts  to  get  over  this  inequality  of  treat- 
ment due  to  fhU  rate  tariffs  have  been  made  by  varyiug  the  discounts 
according  to  the  class  of  consumer  under  consideration,  but  this  is  only 
lessening  the  evil  and  is  in  no  sense  a  cure.  Again,  there  is  of  ten  a  big 
discrepancy  in  the  prices  charged  for  lighting  and  for  power,  the 
former  being  frequently  too  high,  while  the  latter  is  certainly  often 
too  low. 

The  present  alternative  to  the  flat  rate  is  the  welUknown  maximum 
demand  tarifF,  which  is  a  more  equitable  method.  Inasmuch,  how- 
ever, as  the  method  of  calculating  the  amount  due  is  unintelligible 
to  many  consumers,  it  has  become  unpopular  ;  moreover,  a  customer 
charged  on  the  maximum  demand  Um&  doct>  not  know  until  the  end  of 
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the  quarter,  or  the  half-year,  to  what  extent  he  will  benefit,  or,  in  some 
cases,  he  does  not  know  if  he  will  benefit  at  all,  as  this  is  not  determined 
until  the  quarter  or  half-year  has  expired,  whilst  he  is  often  nervous 
about  switching  on  his  lamps  lest  he  should  increase  his  maximum 
demand. 

In  some  cases  demand  indicators  have  been  used  to  develop 
business  in  its  early  stages,  but  when  the  business  has  reached  a 
point  at  which  the  engineer  can  afford  to  make  a  change,  a  flat  rate 
tariff  has  been  introduced  and  the  demand  indicator  system  abolished. 
The  change,  while  simplifying  the  accounts  and  appealing  as  it  does 
by  its  simplicity  to  the  consumer,  has  no  serious  prejudicial  effect  upon 
the  receipts,  as  the  losses  made  on  some  consumers  are  counterbalanced 
by  the  extra  profits  obtained  from  others.  This  condition  of  affairs  is 
satisfactory  so  long  as  the  supply  authority  is  content  to  make  excessive 
profits  on  some  consumers  and  to  apply  a  part  of  them  in  making  up 
the  losses  on  other  consumers  ;  but  the  former  are  likely  to  rest 
content  with  flat  rate  tariffs  just  so  long  as  they  remain  in  ignorance 
of  the  true  condition  of  affairs,  and  no  longer. 

The  chief  factor  in  the  cost  of  supply  is  made  up  by  the  "  fixed 
charges  "^-exactly  how  much  this  is  per  annum  is  easily  aiscertainable 
in  every  case,  and  it  probably  varies  from  year  to  year.  Each  con- 
sumer should  be  charged  his  fair  proportion  of  this  sum.  The  exact 
amount  to  be  paid  should  be  recorded  on  each  consumer's  premises, 
not  in  the  form  of  so  many  units  chargeable  for  half-year  at  an 
increased  price  per  unit,  which  is  the  clumsy  and  perplexing  method 
of  the  demand  indicator,  but  by  an  instrument  which  records  the 
consumer's  proportion  of  standing  charges  clearly  in  £  s.  d. 

The  remaining  item  in  the  total  cost  of  supply  is  the  "  generation 
cost,"  which  is  by  far  the  smaller  item  and  is  practically  a  uniform  and 
unvarying  cost  per  unit,  to  cover  which  a  very  low  flat  rate  can  be 
fixed.  Considerably  less  than  id.  per  unit  will  cover  this  item,  and 
also  afford  ample  profit  to  the  supply  authority. 

As  illustrating  the  present  wide  divergence  in  the  matter  of  tariffs, 
I  set  forth  below  the  published  scales  of  charges  of  four  of  the  largest 
and  most  important  municipal  undertakings  in  the  country,  which 
may  be  taken  as  fairly  representative  of  the  whole  kingdom.  These 
I  designate  A,  B,  C,  and  D  :— 

A.  The  rate  payable  by  a  consumer  for  a  supply  of  electrical  energy 
for  lighting  in  any  one  establishment  (whether  used  direct  from  the 
mains  or  through  a  motor  generator  or  other  apparatus)  sliall  be 
3id.  for  each  unit  up  to  3,000  units  per  quarter,  3d.  for  each  unit  in 
excess  of  3,000  units  to  10,000  units  per  quarter,  and  2id.  for  each  unit  in 
excess  of  10,000  units  per  quarter.  A  reduced  rate  shall  be  charged  for 
electrical  energy  supplied  for  power  or  for  cooking  or  heating  when 
measured  by  a  separate  meter — namely,  2d.  for  each  unit  up  to  3,000 
units  per  quarter  ;  ifd.  for  each  unit  in  excess  of  3,000  units  per  quarter 
to  io,03D  units  per  quarter  ;  and  id.  for  each  unit  in  excess  of  10,000 
units  per  quarter. 
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B.  Ekclrtcal  energy  used  for  lighting  ■  For  first  300  units  per 
quarter,  5d,  per  unit ;  for  any  further  quantity  used  in  the  same 
quai-ter,  3id.  per  unit  Electrical  energy  used  for  long  hour  lighting  ; 
For  first  300  units  per  quarter,  3d.  per  unit ;  for  any  further  quantity 
used  in  the  same  quarter,  3d.  per  unit* 

Note, — This  special  low  lighting  rate  has  been  fixed  to 
encourage  a  day  load,  and  is  for  the  benefit  of  consumers  who 
use  their  supply  of  electrical  energy  for  lighting  during  a  large 
number  of  hours  per  annump 

In  order  to  avail  themselves  of  it  consumers  will  be  required  to 
enter  into  an  agreement  in  which  they  guarantee  a  minimum 
payment  of  £15  per  annum  for  not  more  than  12  i6-c.p,  lamps, 
or  their  equivalent,  connected  to  the  circuit ;  a  further  guarantee 
of  25s.  per  annum  for  every  additional  i6-c.p,  lamp,  or  its 
equivalent,  connected  to  the  circuit  will  also  be  required. 
Current  reckoned  at  the  above  rate  per  unit  can  be  used  up  to  the 
value  of  the  sum  guaranteed,  any  additional  current  being  charged 
at  the  same  rate  per  unit. 

Consumers  will  be  required  to  have  all  lamps  so  guaranteed  con* 
nected  to  a  circuit  kept  distinct  from  the  ordinary  lighting  supply, 
and  a  separate  meter  will  be  installed  upon  this  circuit. 
Should  any  alteration  be  made  in  the  number  or  candle-power  of 
the  lamps  so  guaranteed,  notice  must  be  at  once  given  to  the 
Department^  or  in  default  the  consumer  will  be  liable  to  have  the 
supply  charged  at  the  Department's  current  rates  for  ordinary 
lighting  purposes. 

Electrical  energy  used  for  motors  :  For  first  30Q  units  per  quarter, 
ad.  per  unit ;  for  any  further  quantity  used  in  same  quarter 
up  to  3,000  units,  tjd,  per  unit.  Where  3,000  units  or  over  are 
used  per  quarter  (after  the  first  300  units  at  2d,  per  unit),  1  Jd.  per 
unit. 

C.  Private  lighting :  Maximum  demand  system,  with  initial  charge 
of  4id*  per  unit  with  daily  average  of  ij  hours  and  2jd.  per  unit  after, 
or  fiat  rate  of  ^^d.  with  discounts  from  2 ^  to  44 J  per  cent  Power  and 
heat  ;  Majcimum  demand  system,  2jd.  per  unit  for  daily  average  of 
ij  hours,  and  J  id.  after,  or  flat  rate  of  2^.  per  unit  with  discounts 
from  5  per  cent*  to  65  per  cent.  Traction  supply  :  ifd.  per  unit* 
Special  purposes  :  Ship  yards  with  30  per  cent,  load  factor,  ijd.  to 
Jd.  per  unit. 

0.  Charge  per  unit^  For  lighting,  5id.,  or  a  fixed  charge  of  £7 
per  annum  per  kilowatt  of  maximum  demand  and  ijd.  per  unit ;  for 
inolors,  id.  to  I J d.  per  unit  according  to  hours  of  user. 

The  perusal  of  these  tariffs  wiil,  I  think,  be  convincing  proof  that 
present-day  methods  of  charging  are  unsatisfactory,  and  they  must 
appear  unintelligible  and  chaotic  to  the  general  public. 

An  ideal  tariff  would  fulfil  the  following  conditions  :— 

1.  Protect  ail  consumers  from  unfair  or  excessive  charges. 
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2.  Secure  from  every  consumer  a  reasonable  and  readily  assessable 
profit  to  the  supply  authority. 

3.  Be  applicable  without  variation  to  all  conditions  and  for  all 
purposes  for  which  electrical  energy  is  used. 

4.  Be  capable  of  easy  explanation  and  its  equity  should  be  apparent 
to  all  persons  of  average  intelligence. 

In  conclusion,  may  I  express  the  hope  that  the  Session  upon  which 
we  are  entering  may  be  a  progressive  and  beneficial  one  ;  as  you  are 
already  aware  from  the  published  programmes,  the  meetings  (with  a 
view  to  extending  the  influence  and  benefits  of  the  Section,  and  also  to 
afford  the  distant  members  facilities  for  taking  part  in  our  proceedings) 
have  been  arranged  to  take  place  in  several  important  cities  and  towns 
covered  by  our  centre. 

I  trust  the  result  will  be  an  increase  in  the  attendances  and  a  full 
and  free  discussion  upon  the  interesting  and  useful  subjects  which 
are  to  be  brought  before  us. 
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INAUGURAL  ADDRESS   0¥   THE    CHAIRMAN, 
Thos.  L.  Miller,  Member* 

[ABSTRACT.) 
NmfembtT  20,  igo6. 

In  his  interesting  address  at  the  commencement  of  bst  Session,  Mr. 
Pearce,  in  referring  to  the  benefits  of  efficient  technical  training  which 
students  of  the  present  day  enjoy,  pointed  out  tliat  much  of  the  benefit 
so  derived  would  be  lost  unless  it  had  a  practical  application.  Without 
entering  into  a  discussion  as  to  the  best  method  of  education  and  train- 
ing of  engineers,  I  should  like,  as  bricBy  as  possible,  to  touch  upon  one 
or  t^'o  points  which  I  do  not  tlunk  have  received  the  attention  they 
merit. 

The  idea  held  by  so  many  ia  the  early  days  of  the  technical  educa* 
lion  movement  that  the  various  universities  and  technical  colleges 
would  be  able  to  turn  ont  engineers  equipped  not  only  with  the 
necessary  technical  knowledge,  but  also  with  the  works'  experience 
gained  in  the  college  shops  is  now  almost  if  not  entirely  dead  m  this 
counlry,  although  this  system  of  training  has  been  adopted  to  a 
considerabJe  extent  in  the  United  States. 

The  function  of  a  shop  training  is  to  make  the  student  familiar  with 
the  operation  of  machine  tools  and  appliances  under  actual  conditions 
of  work  on  a  commercial  scale,  and  lo  teach  him  how  labour  must  be 
or^nised  in  order  to  produce  the  best  possible  results  at  the  lowest 
costs. 

To  become  a  successful  engineer  something  more  is  required  than 
mere  technical  ability  and  workshop  skill,  for,  unless  a  man  is  endowed 
with  what  I  would  term  the  commercial  instinct,  he  is  not  likely  to 
attain  to  great  prominence  in  his  profession.  It  is  not  enough  to  be 
able  to  design  the  most  perfect  machinery,  unless  such  machinery  can 
be  produced  at  a  price  that  will  compete  with  the  productions  of  rival 
Kianufaclurers,  and  to  do  this  it  is  not  only  necessary  that  we  should 
know  the  cost  of  producing  the  machine,  but  also  the  cost  of  each  step 
in  the  process,  as  it  h  only  by  comparing  the  actual  cost  item  by  item 
with  the  estimated  cost  that  wasteful  methods  can  be  discovered  and 
diminated. 

I  am  fully  aware  that  many  firms  object  to  the  members  of  their 
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technical  staH  having  anything  to  do  with  the  estimatiog  department, 

but  this,  to  my  mindj  is  a  very  narrow  view  to  take,  as  unless  the  man 
responsible  for  the  design  is  enabled  to  follow  the  work  in  the  shops 
and  check  the  cost  of  each  step  in  the  process  of  manufacture,  it  cannot 
be  expected  that  the  most  economical  results  will  be  attained* 

There  are,  of  course,  considerable  difficulties  in  the  u'ay  of  obtaining 
a  knowledge  of  the  business  side  of  engineering,  but  much  could  be 
done,  I  think,  if  the  various  universities  and  technical  colleges  could 
arrange  for  courses  of  lectures^  preferably  in  the  evenings,  dealing 
w^ith,  say,  the  Principles  of  Estimating.  Lectures  on  commercial  law, 
with  special  reference  to  drawing  up  of  specifications  and  the  making 
of  contracts,  would  also  be  of  Invatuable  assistance  and  would  no  doubt 
be  the  means  of  avoiding  legal  disputes  which  so  often  follow  loosely 
drawn-up  specifications  and  contracts. 

As  Mr.  Fearcc  pointed  out  last  year^  there  are  many  branches  of  the 
profession^  and  we  cannot  become  specialists  in  each.  In  my  illustra- 
tions I  have  laid  particular  stress  on  the  "  works  ^'  side^  as  that  is  where 
most  men  leaving  the  universities  and  technical  colleges  will  go,  but 
the  same  argument  applies  practicaliy  to  all  branches. 

In  promoting  the  advancement  of  engineering  science  it  is  gratifying 
to  note  that  the  various  institutions  do  not  limit  themselves  merely  to 
the  publication  of  the  papers  read  at  their  meetings  with  the  discussions 
thereon,  but  that,  in  addition,  they  have  carried  out,  by  means  of 
committees  of  the  institutions,  research,  and  other*  w^ork  of  interest  to 
the  profession  at  large,  from  w^hich  most  important  results  have 
accrued. 

Our  own  Institution  has  done  good  w^ork  in  preparing  a  model  form 
of  general  conditions  of  contract,  which  although  not  generally  adopted 
has  been  of  considerable  value  in  showing  the  lines  upon  which  such 
general  conditions  should  be  drawn  ;  and  in  drawing  up  a  set  of  rules 
embodying  the  requirements  and  precautions  to  he  adopted  in  wiring 
buildings  to  be  supplied  %vjlh  electrical  energy.  These  rules  are  at 
present  under  revision^  and  it  is  hoped  that  when  issued  the  new  rules 
will  be  adopted  not  only  by  electrical  engineers  but  also  by  the  fire 
offices,  who  are  so  greatly  interested  in  the  subject. 

In  this  connection  I  would  point  out  that  the  Institution  represents 
the  profession,  and  that  it  is  the  duty  of  each  and  every  one  of  us,  if  wc 
wish  to  see  our  profession  ,take  the  position  we  consider  it  should  do 
among  the  learned  professions,  not  only  to  support  it  by  our  member- 
shipp  but  also  by  attending  its  meetings  and  by  contributing  the  results  of 
our  experience  or  observations  by  reading  papers  or  by  taking  part  in 
the  discussions. 

Dealing  now  with  the  question  of  electricity  supply,  it  may  be 
remarked  that  the  most  serious  problem  confronting  the  central  station 
engineer  of  to-day  is  the  reduction  of  price  at  which  electrical  energ>* 
can  be  profitably  sold  to  enabie  him  succeisfully  to  compete  for  new 
business. 

The  cost  of   generation   and  distribution  is  now  so  low  in  the 
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majority  of  towns  that  it  is  only  by  an  increase  in  the  volume  of  the 
btisincss  that  any  substantial  decrease  can  be  looked  for  in  the  price  at 
which  the  electrical  energy  can  be  profitably  sold,  This^  of  course,  is 
due  to  the  fact  that  the  standing  charges  do  not  grow  at  the  same  rate 
as  the  generating  costia. 

Vp  to  the  present  the  attention  of  those  in  charge  of  electricity 
under  takings  has  been  more  particularly  directed  to  the  reduction  of 
the  working  costs,  the  securing  of  new  business  being  largely  left  to 
the  wiring  contractors,  it  being  found  impossible  in  the  great  majority 
of  cases  for  the  engineer,  with  the  small  stafif  at  his  disposal,  adequately 
to  canvass  the  district. 

During  the  past  year  or  so,  however,  a  change  has  been  taking 
place,  and  mnch  more  attention  is  now  being  given  to  the  obtaining  of 
new  consumers,  and  a  special  department  is  being  organised  in  some  of 
the  larger  undertakings  for  this  purpose.  In  the  United  States  this 
side  of  the  business  has  been  developed  to  a  much  greater  extent 
than  over  here,  but  the  conditions  differ  so  greatly  that  I  fear  the 
methods  adopted  there  are  hardly  applicable  to  tbc  conditions  pre* 
vailing  here, 

The  hiring  out  of  motors,  the  free  supply  of  incandescent  lampSj 
mnd  the  {so-called)  free  wiring  of  consumers'  premises,  have  each  been 
adopted  with  varying  degrees  of  success  in  this  country  as  a  means  of 
increasing  the  volume  of  business,  the  hiring  out  of  motors  being 
probably  the  most  successful. 

The  further  methods  now  suggested  are  the  arranging  of  per- 
manent exhibitions  of  the  most  up-to-date  electrical  appliances  ;  the 
advertising  of  the  advantages  to  be  derived  from  the  use  of  electrical 
etiergy  ;  the  circularising  of  possible  consumers  ;  and  the  appointment 
of  canvassers  for  new  business.  These  are  all  excellent  methods  of 
dealing  with  the  problem,  and  I  have  no  doubt  that  their  adoption  will 
be  attended  with  a  considerable  measure  of  success* 

Another  factor  tending  to  keep  up  the  price  of  electrical  energy  is 
that  of  the  capital  charges,  which  constitute  such  a  heavy  burden  on 
most  undertakings,  and  more  particularly  so  in  the  early  years  of  their 
existence.  In  some  of  the  older  works  put  down,  when  prices  were 
much  higher  than  they  are  at  present,  and  where  a  purely  lighting,  or  a 
lighting  and  small  motor  load,  is  dealt  with,  the  effect  of  the  capital 
charges  is  very  severely  felt,  and  the  margin  of  profit  is  extremely 
small  indeed.  In  addition  to  this,  there  is  the  vexed  question  of  depre- 
ciation, which  is  continually  cropping  up,  and  upon  which  such  very 
different  views  are  held,  and  particularly  so  as  to  the  necessity  of 
providing  such  a  fund  in  connection  with  municipal  undcrtakingSj 
apart  from  the  statutory  contributions  to  the  sinking  fund  for  the  repay- 
ment of  the  principal  of  the  money  borrowed. 

Dealing  with  this  question,  it  may  be  pointed  out  that  there  is  no 
statutory  obligation  lo  provide  for  depreciation,  there  being  no  mention 
of  depreciation  in  either  of  tlie  1882  or  1888  Electric  Lighting  Acts,  nor 
in  the  1S99  Electric  Lighting  (Clauses)  Act* 
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In  the  i8q9  Act,  however,  provision  is  made  in  Section  7  for  the 
apphcatioii  of  the  money  received  by  the  Local  Authority  as  under- 
taker, the  dispoiiition  of  the  money  so  received  being  provided  for  a** 
fotJows  : — 

1,  In  payment  of  working  and  establishment  expenses  and  main- 

tenance charges, 

2,  In  payment  of  interest  on  loanSi  or 

3,  Providing  ^sinking  fund  instalments. 

4,  In  paymtnt  of  all  other  expenses  of  executing  the  special  ordt^r, 

not  b^ing  expenses  properly  chargeable  to  capital. 

5,  In  providing  a  reserve,  if  they  think  fit,  by  setting  aside  such 

money  as  I  hey  think  reasonable,  and  investing  the  money 
and  the  resulting  income  thereof  in  Government  sccnrities, 
in  which  trustees  are  by  taw  for  the  time  being  authorised  (o 
invest, other  than  stock  or  securities  of  tlie  undertaken^,  and 
accumulating  it  at  compound  interest  until  the  fund  so 
formed  amounts  to  one- tenth  of  the  aggregate  capital  ejcpen- 
diture  on  the  undertaking. 

This  reserve  fund,  it  is  further  provided,  shall  be  applicable  to 

meet  any  deficiency  at  the  time  happening  in  the  income  of  the 
undertakers  from  the  undertaking,  or  to  meet  any  extraordinary  claim 
or  demand  at  any  time  arising  against  the  undertakers  in  respect  of  the 
undertaking,  and  so  that  if  the  fund  is  in  any  way  reduced  it  may  tberc' 
after  be  again  restored  to  the  prescrit>ed  limit,  and  so  on  as  often  as  the 
reduction  happens. 

It  isalso  provided  that  the  net  surplus  remaining  in  any  year,  and  the 
annual  proceeds  of  the  reserve  fund  wlien  amounting  to  the  prescribed 
limits,  must  be  carried  to  the  credit  of  the  local  rates^  as  defined  by  the 
principal  Aclj  or  it  may  be  applied  to  the  improvement  of  the  district 
or  in  reduction  of  the  capital  borrowed  !  or  electricity  purposes.  Should 
Ihe  surplus  exceed  5  per  cent,  of  the  capital  expenditure  on  the  under- 
takings it  is  further  provided  that  the  undertakers  shall  make  such  a 
rateable  reduction  in  the  charge  for  the  supply  of  energy  as  in  their 
judgment  wilt  reduce  the  surplus  to  that  maximum  rate  of  profit  On 
the  other  hand,  any  deficiency  of  income  in  any  year  when  not  met  out 
of  the  reserve  fund  is  charged  upon  and  payable  out  of  rates. 

From  evidence  given  by  Mr.  J,  N,  Kershaw,  one  of  the  Assistant 
Secretaries  of  the  Local  GovL-rnment  Board,  before  a  Select  Committee 
of  the  House  of  Commons  in  the  1902  Session  of  Parliament,  which  was 
appointed  "  to  inquire  into  and  report  as  to  the  statutory  and  other 
conditions  limiting  the  period  for  the  repayment  of  loans  raised  by  the 
local  authorities/*  it  appears  that  the  principles  upon  which  the  Board 
proceed  are  :^ 

1.  That  the  loan  period  shall  not  exceed  the  Ufe  of  the  works, 

and 

2.  That  the  future  ratepayers  shall  not  be  unduly  burdened, 
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It  is  gencraUy  acknowledged  that  Iht;  probable  life  of  certain 
portions  of  tlie  plant  is  shorter  than  the  period  allowed  by  the  Local 
Government  Board  for  the  repayment  of  theloans^and  although  twenty- 
five  years  has  been  fixed  upon  as  the  et[uated  life  of  the  security  in 
buildings,  machinery,  mains,  &c.,  still  it  is  morally  certain  that  some 
portion  of  the  plant  will  require  renewing  before  the  end  of  this 
period,  whereas  the  life  of  the  other  portions  w\U  probably  be  much  in 
excess  of  the  period  named. 

To  provide  for  such  renewals,  and  also  for  the  purpose  of  satisfying 
any  deficiency  in  the  income  of  the  undertakingp  or  for  meeting  any 
extraordinary  claim,  the  Local  Government  lioard,  ais  I  have  already 
pointed  out,  permit  the  creation  of  a  reserve  fund,  but  limit  it  to 
lo  per  cent,  of  the  capital  expenditure. 

In  the  case  of  a  company  it  iia  necessary  to  provide  a  depreciation 
fund  sufficient  to  renew  the  assets  at  the  end  of  their  useful  hfe,  as 
unless  this  is  done  fresh  capital  will  have  to  be  raised  for  the  purpose, 
or  an  undue  burden  will  be  put  on  the  revenue  for  the  particular  years 
in  which  this  occurs. 

With  a  local  authority,  hoiArever,  the  case  is  somewhat  different,  as 
it  is  under  an  obligation  lo  extinguish  the  wliole  cost  of  the  plant 
within  the  period  for  which  the  lo:in  is  sanctioned.  It  would  there* 
fore  appear  that  where  the  period  for  which  the  loan  is  sanctioned 
ciEpires  before  the  asset  has  been  worn  out  the  sinking  fund  instalments 
exceed  the  proper  amount  to  be  charged  for  depreciation,  and  that  no 
further  charge  against  the  revenue  will  be  necessary,  as  the  money 
required  for  renewing  the  assets  can  be  obtained  by  re-borrowing,  the 
previous  loan  having  been  paid  off.  Unfortunately,  however^  as  I  have 
already  pointed  out^  the  useful  life  of  certain  portions  of  the  plant  is 
shorter  than  the  period  allowed  for  the  repayment  of  the  loan,  and  it 
b  therefore  necessary  to  provide  a  fund  in  order  to  renew  the  plant 
when  such  renewals  are  required.  The  contributions  to  this  fund  will. 
of  course,  depend  on  the  useful  life  of  the  asset  and  its  residual  value 
at  the  end  of  its  useful  life,  and  this  will  again  depend  how  thoroughly 
the  plant  has  been  maintained  in  efficient  working  order  out  of 
revenue. 

As  bearing  on  this  subject  it  may  be  pointed  out  that  the  Local 
Govermnent  Board  allows  the  following  periods  for  the  repayment  of 
loans  for  extensions  : — 


Cables  laid  in  ducts  or  on  the  solid  system       ...  25  years 

Armoured  cables  laid  direct  in  the  ground      ...  15  „ 

Switchboard  and  switches           .»»        .,-        ...  aS  „ 

Dynamos       *..        ,         .-.        ...        ***  20  ,, 

Wiring  inside  buildings    ... ao  ., 

Steam  engines         ..*        ...         *, 15  n 

Transformers            ,**         ...         ...         ,..          ...  1$  ,» 

Motor  transformers,   boosters,   balancing  set^, 

rotary  converters -.*  15  t, 
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Instruments  ,**        ...        ...  15  years 

Motors  for  hire  or  in  generating  stalions          ,..  10     „ 

Others  in  shops  belonging  to  the  Council         ♦*.  15      „ 

Lamp  pillars  and  brackets  for  public  lighting...  ro     ,, 

Batteries  and  accumulators          .*.         5*7    „ 

Meters  and  indicators        ...        ...        ...        «..  5     „ 

Arc  lamps  {i.e.f  lamps  themselves)          ,  5     ». 

(Nernst  and  incandescent  lamps  and  carbons  for  arc  lamps  : 
no  loan  allowed)* 

In  the  **  County  of  London/'  on  the  other  hand,  the  periods  allowed 
for  repayment  of  loans  are  : — 


Land  ».« 
Buildings 


60  years 

50     i» 


d 


For  all  other  purposes  twenty  years,  or,  as  an  alternative,  in  place  of  the 
last  two  terms,  a  uniform  period  of  forty- two  years  is  allowed  for  all  loanSi 
but  this  term  is  only  allowed  on  the  Borough  Council  passing  a  resolution 
to  the  effect  that  if  any  works  fail  to  be  renewed  during  the  currency 
of  the  term,  the  cost  of  renewal  shall  constitute  a  maintenance  charge > 
and  sliall  not  be  made  the  subject  of  a  fresh  loan.  It  will  be  seen, 
therefore,  that  the  determination  of  the  proper  amount  to  be  set  aside 
for  depreciation  depends  on  the  type  of  plant  and  the  care  taken  in 
maintaining  It  in  eflicient  working  condition,  each  case  having  to  be 
considered  strictly  on  its  merits. 

The  item  of  rent,  rates  and  taxes  which  figures  so  largely  in  the 
balance-sheet  of  most  electrical  undertakings,  amounting  as  it  docs  in 
some  instances  to  one  and  a  quarter  times  the  coal  costs,  is  another 
obstacle  to  the  reduction  of  the  price  of  electrical  energy,  the 
importance  of  which  cannot  be  over-estimated. 

Deahng  with  this  question^  it  may  be  pointed  out  that  there  appears 
to  be  no  settled  practice  amongst  rating  authorities  as  to  the  basis 
on  which  the  assessment  of  electrical  undertakings  for  rating  purposes 
should  be  carried  out,  and  we  consequently  find  an  extraordinary  diver- 
gence in  the  methods  adopted  in  different  districts.  In  some  districts 
the  indicated  horse*power  installed  in  the  electricity  works  is  taken  as 
a  basis  of  assessment,  while  in  others  the  assessment  is  based  on  the 
capital  expended  on  the  undertaking,  the  rates  per  indicated  horse* 
power  and  the  percentage  to  be  charged  on  the  capital  expenditure  as 
also  the  deductions  allowed  in  order  to  arrive  at  the  rateable  value 
varying  to  an  even  greater  extent  than  the  methods  of  assessment. 

More  recently,  however,  the  practice  has  been  to  adopt  the  *'  hypo- 
thetical tenant "  principle  of  assessment  for  assessing  the  rateable  value 
of  electricity  undertakings,  and  to  take  the  receipts  and  expenditure  as 
the  basis  of  calculation. 

In  order  to  obtain  a  knowledge  of  the  principles  underlying  this 
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method  of  assessment  it  is  necessary  to  go  back  to  the  Parochial 
Assessment  Act  of  1836,  Section  i  of  which  provides  that  "  no  rate  for 
the  relief  of  the  poor  in  England  and  Wales  shall  be  allowed  by  any 
jusdceSf  or  be  of  any  force  w^iich  shall  not  be  made  upon  the  nelt 
annual  value  of  the  several  hereditaments  rated  thereunto  i  that  is  to 
say>  of  the  rent  which  the  same  might  reasonably  expect  to  let  from 
year  to  year,  free  of  all  usuaJ  tenant's  rates  and  taxes^  and  deducting 
therefrom  the  probable  average  cost  of  repairs,  insurance,  and  other 
expenses,  if  any,  necessary  to  maintain  them  in  a  state  to  command 
rent.**  ^ 

From  this  it  will  be  seen  that  the  annual  rent  is  the  basis  of  assess- 
ment. ASj  however,  the  owner  of  an  electricity  undertaking  is  almost 
in%'ariably  the  occupier,  it  is  necessary,  in  order  to  ascertain  the  letting 
value,  to  assume  an  imaginary  tenant,  or  what  in  rating  phraseology'  is 
known  as  the  **  hypothetical  '*  tenant. 

In  the  Schedule  of  the  Act  of  1836  the  term  Gross  Estimated  Rental 
(or  gross  value)  and  Rateable  Value  were  used,  but  no  indication  is 
given  as  to  the  method  of  arriving  at  these  values.  They  have^  however, 
been  clearly  defined  in  the  V^aluation  (Metropolis)  Act,  18^,  which 
defines  the  terms  as  follows  :^ 

Gross  Value  is  '*  the  annual  rent  which  a  tenant  might  reasonably 
expect p  taking  one  year  with  another,  to  pay  for  a  hereditament,  if  the 
tcoaot  undertook  to  pay  all  usual  tenant  s  rates  and  taxes,  and  if  the 
landlord  undertook  to  bear  the  cost  of  the  repairs,  insurance,  and  other 
expenses,  if  any,  necessary  to  maintain  the  property  in  the  state  to 
command  that  rent." 

Rateable  Value  is  "  the  gross  value  after  deducting  from  it  the 
probable  anniiaJ  average  cost  of  repairs,  insurance*  and  other  expenses^ 
if  any,  ncccss;iry  to  maintain  the  property  in  a  tit  sliUe  to  command 
the  rate*'* 

To  arrive  at  the  rent  which  the  hypothetical  tenant  may  be  expected 
to  pay  it  is  necessary  therefore  to  obtain  the  gross  estimated  rental  or 
gro!is  value.  This  is  obtained  from  the  latest  accounts  available,  by 
Inking  Uie  gross  receipts  (less  bad  debts  written  off),  and  deducting 
therefrom  the  ordinary  working  and  management  expenses,  tenant's 
rales  and  taxes,  and  insurance.  The  net  receipts  having  thus  been 
obtained,  it  is  necessary  to  arrive  at  a  fair  divii^ion  of  them  as  between 
the  landlord  and  the  tenant,  in  order  to  see  how  much  the  hypothetical 
tenant  can  afford  to  pay  as  rent,  and  for  this  purpose  his  working 
capital  must  be  ascertained  and  a  certain  sum  allowed  him  for  interest, 
trade  profits^  ri  ik,  and  casualties,  and  renewal  of  tenant's  chattels,  which 
4um,  after  being  deducted  from  the  net  receipts,  leaves  the  gross  rental 
or  gross  value. 

From  this  ^oss  value  certain  further  deductions  must  l"»e  made 
known  as  *'  statutable  deductions,"  which  are  tlie  deductions  referred 
lo  in  the  definition  of  rateable  value  hereinbefore  given,  and  the  amount 
gaining  after  such  deductions  have  been  made  is  the  rateable 
Itie. 
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Stated  in  this  manner  the  assessment  of  the  rateable  value  of  an 
electricity  undertaking  appears  to  be  a  fairly  simple  matter,  but 
difficuhics  will  he  found  to  arise  as  ^soon  as  the  determination  of  the 
tenant*^  working  capital  and  of  the  statutables  i^  taken  in  hand. 

Dealing  first  with  the  question  of  working  capital,  it  will  he  con- 
ceded that  in  order  to  ensure  the  successful  working  of  the  undertaking 
a  tenant  must  liave  ample  working  capital  to  meet  the  necessary 
charges  for  rent,  wages,  fuel  ^c.  incurred  in  running  the  undertaking, 
and  as  the  consumers'  accounts  are  usually  sent  out  quarterly,  it  is 
customary  to  allow  the  hypothetical  tenant  iVve-twelfths  of  the  working 
and  management  exper^ses  plus  tenant's  rates  and  taxes  and  insurance 
to  meet  these  charges.  In  addition  to  this,  in  order  to  provide  against 
strikes  or  other  unforeseen  circumstances,  the  tenant  is  alJow*ed  to 
keep  a  stock  of  coal  in  his  bunkers  equal  to  eight  weeks'  winter  supply, 
so  as  to  avoid  a  shortage  of  fuel.  Again,  in  letting  the  undertaking  to 
the  hypothetical  tenant  the  landlord  would  in  all  probability  make 
inquiries  as  to  the  financial  standing  of  the  tenant*  and  it  will  therefore 
be  necessary  for  him  to  keep  a  certain  amount  of  money  in  the  bank  to 
meet  unforeseen  demands. 

It  havjjig  been  settled  by  the  courts  that  the  cost  of  meters  apper- 
tains to  the  capital  of  the  tenant,  the  hypothetical  tenant  would,  in 
addition,  have  to  provide  the  capital  necessary  for  the  purchase  of  the 
meters,  and  also  for  the  necessary  office  fittings  and  other  accessories, 
such  as  loose  tools,  lamps,  &c.  The  total  working  capital  would  there* 
fore  be  five4weifths  of  the  working  and  management  expenses,  plus 
tenant's  rates,  taxes,  and  insurances,  plus  eight  weeks'  stock  of  coal, 
plus  cash  at  bank,  plus  cost  of  meters,  ohice  fittings,  loose  tools,  &c. 

On  this  the  hypothetical  tenant  is  allowed  5  per  cent,  for  interest, 
10  per  cent,  for  trade  profits,  and  5 J  per  cent,  for  risks  and  casualties, 
making  a  total  of  17^  per  cent,  which,  deducted  from  the  net  receipts, 
leaves  the  gross  rental  or  gross  value. 

To  obtain  the  rateable  value  it  is  necessary  to  deduct  from  the  gross 
value  the  amount  of  wliat  is  known  as  the  statutable  deductions,  which 
consist  of  (i)  the  average  cost  of  repairs  and  maintenance  of  plant, 
buildings,  and  mains ;  (2)  the  amount  to  be  set  aside  to  cover  waste, 
obsolescence  or  supercession  of  plant,  buildings,  and  mains,  apart  from 
Ihe  general  up-keep  which  has  been  provided  for  under  the  head  of 
repairs ;  and  (3)  an  amount  to  cover  the  charges  which  might  reason- 
ably be  made  for  insurances.  This,  l>riefly,  is  the  general  method 
adopted  in  the  assessment  of  rateable  value  on  the  *' hypothetical " 
tenant  principle^  which,  owing  to  the  importance  of  the  subject,  I  have 
dealt  with  in  some  detail. 

It  may  be  pointed  out,  however,  that  this  principle  is  hardly  appli- 
cable to  the  early  years  of  most  electricity  undertakings  when  the 
receipts  arc  not  sufficient  to  cover  all  expenses  and  leave  a  fair  margin 
of  profit,  as  although  there  is  no  pecuniaiy  profit  it  by  no  means  follows 
that  there  is  no  rentid  value  ;  indeed,  as  has  been  pointed  out  by  Boyle 
and  Davies  (*'  Principles  of  Rating  "),  "  the  capital  sunk  and  losses  made 
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during  the  first  few  ^xar^  of  nn  undertaking  should  be  regarded  more 
id  the  [lature  of  capital  than  an  item  for  the  profit  and  loss  account* 
making  up  what  is  called  gocMiwill/' 

Before  concluding  my  address  I  should  like  to  refer  to  a  recent 
decision  of  the  Local  Government  Board  with  reference  to  the  charging 
oi  the  wages  of  permanent  employees  to  revenue  although  they  may 
have  been  engaged  in  carrying  out  work  chargeable  to  the  capital 
account. 

The  particular  cases  to  which  I  refer  are  those  in  connection  with 
the  Bristol  and  Grinii^by  undertakings.  In  both  these  cases  men 
employed  on  the  permanent  staff  had  been  engaged  h\  laying  new 
ni^iins,  and  on  an  inquiry  being  held  by  the  Local  Government  Board 
in  the  matter  of  the  local  authorities'  application  for  powers  to  borrow 
for  extensions,  the  Inspector  at  the  Bristol  Inquiry  stated  that  "  it  was  a 
principle  of  the  Local  Government  Board  that  the  work  of  all  permanent 
employees  sho'Jld  be  chargeable  to  revenue/'  a  similar  notification 
tieing  sent  by  the  Board  to  the  Grimsby  CouneiL 

On  the  receipt  of  this  notiftcation  the  Grimsby  Council  wrote  asking 
the  Board  to  reconsider  their  decision^  and  pointing  out  that  if  such 
labour  were  charged  against  revenue  it  would  be  a  heavy  tax  on 
the  present  consumers.  In  reply,  the  Local  Government  Board  wrote 
adhering  to  their  previous  decision,  and  further  stating  that  *'  In  the 
opinion  of  the  Board  those  wages,  viz.,  the  wages  of  permanent 
employees  engaged  in  new  mains  are  estabhshment  charges,  and 
should  not  be  paid  out  of  borrowed  moneys^  and  it  is  the  Board's  rule 
to  deduct  such  payments  from  the  amount  of  the  proposed  loan.  That 
rule  in  no  way  prohibits  local  authorities  from  employing  their  own 
workmen." 

The  curious  part  of  this  decision  lies  in  the  last  sentence,  for 
according  to  that,  and  it  was  admitted  to  be  so  by  the  Inspector  at  the 
Bri^itol  Inquiry,  the  Corporation  can  contract  for  the  labour  and  charge 
it  to  capital,  but  cannot  use  their  own  employees* 

The  effect  of  this  decision  will,  I  think,  be  severely  felt  by  some  of 
the  smaller  undertakings  when  there  is  hardly  sufficient  outside  work  to 
take  op  the  whole  time  of  the  ■'  mains  *'  staff,  and  wliere  by  emplopng 
tbcni  in  laying  services  and  carrying  out  other  extensions,  chargeable  to 
capital,  a  better  and  more  efficient  staff  can  be  maintained  than  would 
otherwise  be  possible, 

It  will,  of  course,  be  conceded  that  the  provision  of  new  mains  is 

a  capital  charge,  and  that  as  this  is  made  up  of  the  cost  of  the  mains 

tbcm^lves  and  the  laying  of  them,  it  is  somewhat  difficult  to  see  the 

reason  for  the  Board's  action  and  more  particularly  so  when  by  dis- 

chaj-gtng  the  permanent  men  and  then  contracting  with  them  for  the 

Uying  of  the  mains  the  difficulties  raised  by  the  Board  can  apparently 

be  overcome, 

ft  There   is,   however,  a  certain  anomaly  in    connection   with    this 

m    question  of  loans,  as  while  application  has  to  be  made  to  the  Local 

I    pO¥crii]3ient  Boar4  for  electric  lighting  loans,  the  Board  of  Tradft  \^ 
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the  authority  whose  sanction  is  required  for  tramway  loans,  and  as 
there  is  a  duly  appointed  Electrical  Department  in  connection  with  the 
Board  of  Trade  it  would  appear  as  if  considerable  time  would  be  saved 
if  all  electrical  matters  could  be  referred  to  the  Board  of  Trade,  who, 
before  sanctioning  a  loan,  could  ascertain  from  the  Local  Government 
Board  the  extent  to  which  the  borrowing  powers  of  the  applicant  had 
been  exercised. 
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NEWCASTLE  LOCAL   SECTION, 


INAUGURAL  ADDRESS   OF  THE   CHAIRMAN, 

H.   L.   RlSELEY, 

(ABSTRACT.) 

November  i<^  1906. 

It  is  my  first  duty  on  taking  the  chair  to-night  to  return  thanks  to 
the  members  for  the  honour  conferred  upon  me  by  them  in  having 
elected  me  Chairman  of  the  Newcastle  Local  Section,  an  honour  which 
I  assure  you  1  appreciate  most  highly.  In  the  next  place  I  propose  to 
pfesent  for  your  consideration  a  few  questions  of  capital  expenditure 
on  power  supply  as  likely  to  provide  a  suitable  subject  for  an  address. 

In  a  power  station  one  always  assumes  that  the  primary  duty  of  the 
engineer  is  to  ensure  continuity  of  supply.  The  question  then  arises, 
to  what  extent  capital  expenditure  is  justified  in  order  to  secure  such  a 
result.  Of  course,  the  engineer  in  charge  will,  if  he  has  bis  own  way, 
spend  unlimited  money  to  ensure  continuity  of  supply,  and  in  order  to 
^dd  to  the  efficiency  of  his  station  he  will  also  demand  more  or  less 
eitpensive  refinements  to  aid  him  in  bringing  down  his  costs.  A  happy 
mean  has  therefore  to  be  struck  in  installing  plant  which  will  operate 
Gontinuotisly  and  efficiently  with  the  smallest  possible  amount  of 
cleaning  and  repairs. 

Starting  with  the  purchase  of  land  for  the  erection  of  a  power 
house,  the  sites  procurable  will  probably  be  hmited  in  number,  but, 
granting  the  price  to  be  right,  the  following  are  the  conditions  which 
must  govern  the  final  selection  of  a  site  : — 

1,  That  it  should  be  in  a  suitable  position  in  relation  to  the  bulk 
of  its  business. 

2,  That  it  should  be  readily  accessible  for  coal  supplies  and 
situated  as  near  as  possible  to  the  coal  producing  areaj  so  as  to 
reduce  carriage  charges  to  a  minimum.  Accommodation  must 
also  he  availabk  for  storing  four  or  five  weeks'  supply  of  coal 
in  such  a  position  as  will  permit  of  the  stocked  coal  being  got  into 
the  hoppers  of  the  boilers  with  the  smallest  possible  amount  of 
labour. 

3,  Ample  supply  of  good  circulating  water  must  be  available  at 
a  low  lift«  so  as  to  avoid  useless  pumping. 
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A  point  of  view  which  was  more  often  over  look  t!d  years  ago  than  it 
is  to-day  is  the  effect  of  the  choice  of  engines  and  dynamos  on  the  load 
factor,  takinj^  into  consideration  tlie  distribution  of  the  maximum  and 
light  loads  throughout  the  yt^ar.  If  the  maximum  load  only  bsts  a  few 
hours  per  year,  saVj  five  hundred,  it  is  not  good  policy  to  spend  a  large 
amount  of  capital  ou  highly  efficient  plant  w*hen  with  apparatus  of  a 
simpler  kind  the  end  siought  for  may  be  attained  at  less  expense. 

This  is  purely  a  question  of  load  factor^  which  in  a  lighting  station 
must  be  very  low,  as  quite  half  the  plant  in  the  station  will  only  be 
required  for  about  three  hundred  hours  per  annumj  consequently  it  is 
most  important  to  keep  down  the  capital  expenditure  on  this  plant,  as 
the  standing  charges  (interest  and  depreciation)  on  the  peak  load  plant 
may  very  easily  be  four  or  five  times  the  actual  working  costs* 

Take  the  cost  of  a  modern  power-house  equipment  at  £r22  per  k.w., 
and  the  standing  charges  (interest  and  depreciation)  at  15  per  ccnL, 
then  the  standing  charges  per  kilo  watt -hour  as  above  work  out  at 
2*6  pence,  which  is  abont  five  times  the  operating  costs,  taking  these  at 
0"5  pence.  This  figure  of  course  varies  proportionately  to  the  capital 
charges  per  kilowatt,  and  it  is  therefore  more  important  to  keep  down 
capital  expenditure  on  that  part  of  the  plant  which  is  only  going  to  be 
used  on  peak  loads  than  it  is  to  make  the  plant  highly  efificient* 

Since  the  days  of  reciprocating  engines  and  with  the  introduction 
of  steam  turbines  the  capital  charge  has  been  reduced  in  the  ratio  of 
about  £ij  to  £5  5s.,  owing  to  cheaper  apparatus  and  the  smaller 
foundations  required.  This  includes  generation  plant  complete  with 
condensers  and  engine-house  equipment.  At  the  present  time  a  great 
reduction  can  l>e  effected  by  purchasing  plant  with  a  large  overload 
capacity,  contractors  being  prepared  to  guarantee  plant  having  an  over- 
load capacity  for  two  hours  of  50  per  cent*  This,  of  course,  on  the 
understanding  that  the  apparatus  will  operate  efficiently  at  normal 
loadSj  but  not  necessarily  with  equal  efficiency  at  overloads,  this  latter 
point,  however,  being  of  minor  importance  in  relation  to  the  standing 
charges  at  peak  loads* 

As  regards  condensing  plant,  no  important  reduction  of  expenditure 
upon  this  is  possible,  as  the  apparatus  has  to  work  at  the  same  rate 
whether  the  generating  plant  is  overloaded  or  not*  but  assuming  a  case 
where  the  whole  equipment  (generator  and  condensing  plant)  will  only 
be  used  on  peak  loads  in  emergency,  a  considerable  saving  can  be 
shown*  A  tirst-class  condensing  plant,  witfi  air  pumps,  etc*,  will  cost 
^i  per  kilowatt*  and  would  maintain  a  uniformly  high  vacuum,  whereas 
an  ejector  condenser  or  one  of  the  barometric  type  could  probably  be 
purchased  for  ss.  per  kilowatt. 

As  regards  the  auxiliaries  in  a  power  station,  I  am  of  opinion  that 
the  majority  of  these  should  be  steam  driven,  as  they  are  cheaper  ux 
the  first  place,  and  the  exhaust  steam  is  usually  used  to  heat  the  feed 
w.iter*  In  some  cases  where  the  supply  of  exhaust  steam  from  the 
auxiliaries  is  small,  special  steps  have  to  be  taken  to  heat  the  feed  water* 
Iji  at  least  one  station  the  steam  is  being  taken  from  the  third  stage  of 
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a  Curtis  turbine,  after  it  has  completed  somi;  work,  in  order  to  raise  the 
temperature  of  the  feed  water. 

The  next  point  I  wish  to  touch  upon  i:s  the  question  of  reserve 
apparatus  and  spare  gear  necesisary  for  continuous  i^uppiy  of  ebctric 
power.  Like  all  engineering  problems,  this  resolves  itself  into  purely  a 
question  of  costs.  From  the  consumer  s  point  of  view,  the  more  spare 
apparatus  the  greater  the  certainty  of  continuity  of  supply,  but  from 
the  shareholders'  point  of  view,  the  less  capital  spent  on  spare  plant 
(which  is  wholly  unproductive)  the  larger  the  amount  of  revenue  avail- 
pble  for  dividends.  So  the  mean  has  again  to  be  struck,  and  only 
Efficient  reserve  plant  kept  to  preserve  the  supply  from  unnecessary 
interruption  and  prevent  the  prestige  of  the  power  company  being 
injured. 

As  regards  generators,  at  the  present  day  ujiits  are  so  large  that  the 
standing  charge!*  on  one  large  complete  unit  lying  idle  are  enough  to 
cripple  the  total  costs  of  any  moderate  sized  station^  and,  seeing  that 
the  machines  of  to-day  are  capable  of  doing  large  overloads,  it  seems 
that  the  correct  thing  is  to  regard  the  overload  capacity  of  the  various 
units  as  the  reserve  plant  to  the  generating  station. 

The  weakest  point  in  any  high  tension  generating  station  is  between 
the  generators  and  feeders,  this  being  the  only  place  in  a  power  station 
where  it  is  absolutely  necessary  to  duplicate  the  apparatus.  I  refer 
more  especially  to  the  busbars,  which  are  an  absolute  necessity,  not 
only  for  the  safety  of  supply,  but  also  to  ensure  flexibility  of  operation* 

The  capital  expenditure  on  awitchgear  alone  appears  to  have  increased 
by  50  per  cent,  during  the  last  six  years.  This  is  due  to  the  numerous 
safety  devices  installed  and  to  the  larger  space  now  occupied  by 
swttchbioards,  as  well  a^  to  their  elaboration,  in  some  cases  the 
apparatus  being  so  complicated  as  to  add  to  the  chances  of  error 
in  operating  the  gear. 

Unfortunately,  many  up4o*date  power  companies  have  to  do  a  lot 
of  pioneer  work  with  untried  apparatus,  which  does  not  always  turn 
out  a  commercial  success  ;  therefore,  without  being  too  ambitious  and 
overanxious  to  try  new  apparatus,  engineers  should  aim  at  the  simplifi- 
cation and  reiiabihty  of  plant,  and  due  consideration  should  he  paid  to 
the  installation  of  plant  which  will  run  continuously  with  a  minimum 
of  attendance  and  repair. 
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V^OME   PHENOMENA  OF   COMMUTATION. 
Professor  F.  G.  Baily,  M,A„  F,R.S.E„  and  Mr*  VV.  S,  H. 
C LEGHORN Ej  B.Sc,  Carnegie  Research  Student 

{Paper  rmd  Novctftbcr  13,  1906,) 

In  this  paper  will  be  described  some  citperimciits  on  the  phenomena 
occurring  in  the  process  of  the  commutation  of  armature  currents  m 
direct-current  dynamos  and  motors.  It  is  a  subject  upon  which  much 
has  been  written^  and  already  much  experimental  work  bus  ht;en 
carried  ont*  With  the  theoretical  writings  the  authors  do  not  propose 
to  dcalj  beyond  an  occasional  reference  where  the  experimental  results 
corroborate  or  correct  the  assumptions  of  the  writers.  Some  of  the 
experimental  work  to  be  described  is  substantially  a  repetition  of 
earlier  work,  but  amplified  to  more  exact  determinations,  or  carried  out 
in  a  different  manner.  The  authors  trust  to  be  excused  if  they  fail  to 
make  appropriate  reference  to  the  many  papers  which  have  been 
published  in  many  languages. 

The  paper  deals  with  the  contact  resistance  of  the  brush,  the  value 
of  the  brush  current,  the  currents  in  the  short*circuited  coils,  and  the 
electromotive  force  t>etween  the  segment  and  the  tf ailing  edge  of  the 
brush « 

In  equations  connecting  the  currents  and  E.M.F/s  under  Ihe  brushes 
in  direct-current  machines  it  is  frequently  assumed  that  the  resistance 
of  the  brush  contact  and  brush  is  a  constant,  although  it  has  been 
shown  by  Mr.  A.  H.  Moore,  Dr.  E.  Arnold,  Mr.  E-  B,  Raymond,  and 
probably  others,  that  this  is  by  no  means  the  case.  Current  density, 
speed,  and  pressure  all  exert  an  influence  on  the  resistance,  and  the 
experiments  to  Ije  described  are  a  more  exhaustive  repetition  of  the 
work  above  mentioned.  There  were  some  discrepancies  to  be  noticed 
in  their  results,  and  the  precise  effects  of  speed  and  pressure  had  not 
been  examined  closely,  so  that  a  full  investigation  appeared  desirable. 
The  influence  of  the  character  of  the  brush  holder  and  the  effect  of 
lubricants  were  also  points  to  be  elucidated. 

The  mode  of  experiment  was  of  the  simplest  character.     A  cast-iron 

pulley  was  covered  with  a  heavy  band  of  copper,  turned  and  |>olished 

fcto  a  true  surface  with  a  diameter  of   li  ins.    This  was  moulded  on 
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the  spindle  of  an  electric  motor.  The  two  carbon  brushes  were  set  on 
the  horizontal  diameter,  and  current  from  a  battery  was  passed  through 
a  variable  resistance  and  an  ammeter  and  across  the  pulky  from  brush 
lo  brush.  The  drop  in  E.M.F,  across  the  two  brushes  was  read  on  a 
voltmeter  by  potential  leads  soldtTcd  to  the  brushes  themselves,  so  that 
thermo-electric  effects  were  eliminated,  and  no  brush -holder  resistance 
was  included.  The  resistance  of  the  copper  drum  was  negligible^  hut 
the  resistance  of  some  J-inch  length  of  carbon  on  each  brusti  was 
included ;  as  representing  probable  working  conditions^  and  this  has 
not  been  subtracted  in  the  following  readings.  It  amounts  to  0^04  volts 
on  the  two  brushes  with  a  current  of  60  amperes  per  square  inch* 

The  carbons  were  supplied  by  Le  Car  bone  Co.,  the  best  quality, 
called  X,  being  used.  It  was  a  very  dense  graphitised  carbon  with  a 
specilic  resistance  of  o-ooiqj  ohms,  or  about  1,200  times  the  resistance 
of  copper.  Common  grades  of  brush  carbon  have  usually  about  three 
times  this  resistance.  It  was  by  no  means  a  soft  carbon,  wore  slowly, 
and  took  a  high  polish. 

Preliminary  experiments  showed  that  vibration  would  play  an 
imporlant  part  in  the  resistance,  and  in  order  to  simplify  the  first 
tests,  brush  holders  were  used  in  which  vibration  would  be  as  small  as 
possible.  A  rigid  frame  was  ftxed  to  the  bed-plate,  and  the  cai  bons 
were  soldered  into  short  brass  tubes,  sliding  in  other  tubes  fixed  to  the 
frame,  and  being  pressed  on  to  the  drum  by  helical  springs.  The 
inertia  was  therefore  httle  more  than  that  of  liie  carbon  blocks  thcni' 
sejveSi  while  sideways  vibration  was  prevented  by  the  close  fit  of  the 
lubes.  As  the  wear  during  the  tests  was  small,  only  a  quarter  inch  of 
carbon  projected  from  the  tube,  and  the  guidc4ubc  extended  almost  to 
this  point.  The  area  was  i  sq.  in.  in  all  tests,  the  same  pair  of  carbons 
being  used  all  through* 

I.— Determination  of  Contact  Rksistance  of  Dry  Carbons 
AND  Copper. 

The  first  ejcperiments  were  devoted  to  the  conditions  of  dry  {i,f,t 
uulubricatcd)  contact.  The  surface  was  kept  perfectly  cle.^n  by  a 
polishing  pad  continuously  pressin||  oti  the  drum.  There  was  an 
indication  that  a  slight  coating  of  carbon  dust  was  beneficial,  causing  a 
slight  diminution  in  both  fail  of  potential  and  friction.  But  as  tlie 
clean  surface  was  more  definite  this  was  preferred,  and  the  effect 
of  the  carbon  lubricant  was  too  small  lo  modify  the  results 
appreciably. 

Headings  were  taken  at  speeds  from  860  up  to  3,300  ft.  per  minute 
and  with  pressures  ranging  from  7  to  46  oz,  per  square  inch.  It  would 
cumber  the  paper  to  quote  all  the  numerical  results  in  full,  and  in 
general  these  will  be  embodied  simply  in  curves  giving  the  mean 
values  of  several  sets  of  readings  under  the  same  conditions.  Fig,  i 
nhows  the  relationships  obtained.  There  are  some  irregularities  which 
refused  to  be  eliminated,  but  the  general  trend  is  unmistakable.    Down 
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to  1 3  ox,  pressure  the  speed  does  not  InBucnce  the  result.  With  Ji  oz. 
the  effect  is  barely  noticeable  at  2i3oo  ft.  per  miii.,  but  is  m^trkcd  at 
3,300.  Wilh  7  ot.  the  effect  is  seen  at  2,300  it.  per  min.,  but  not  al 
Ij430  ft.  It  h  clear  that  the  influence  of  speed  is  indirect,  causing 
vibration,  which  reduces  the  efficiency  of  contact.  This  wilt  be  seen 
more  clearly  below,  when  vibration  is  purposely  introduced. 

Fig.  2  gives  the  mean  values  of  these,  eliminating  curves  affected  by 
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Fig.  k— Efifeet  of  Pressuru  and  Speed  on  Contact  Rehislanccs. 

speed.  Representing  the  mean  of  a  large  number  of  readings,  it  may 
be  taken  to  portray  the  relation  of  E.M.F.  and  current  for  different 
pressures,  wiien  vibration  is  absent. 

The  curve  may  be  expressed  by  the  function  ^E  ^  i"^"^*  Assuming 
this  index,  and  calculating  the  value  of  k  for  each  point  from  Jo 
amperes  to  60  at  each  pressure,  the  value  of  k  given  in  Table  K  is  seen 
to  tie  fairly  constant  for  each  pressure,  and,  except  in  the  case  of  7  01., 
the  ir regular i ties  show  no  regulariiy,  so  that  tliis  function  expresses  the 
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ratio  of  E.M.F;  to  current  with  considerable  accuracy »  assuming  that 
there  h  no  vibration^  Each  vertical  column  h  derived  from  the  mean 
values  of  a  number  of  sets  of  readings,  the  numbers  being  given  in  the 
last  line. 

Table  L — Value  of  Ratio  i^^^jE. 


i. 

i>^. 

Pressure  kti  oz,  per  m;,  \a. 

4<x 

24. 

18. 

ij. 

7' 

lO 

190 

5*26 

2"02 

rgo 

170 

17s 

ao 

2-30 

riH 

2-04 

i"93 

170 

169 

30 

^'57 

22$ 

2'06 

I  96 

170 

r65 

40 

279 

T2% 

2*04 

2^00 

173 

v6o 

50 

T^ 

2-2% 

198 

2'0O 

^75 

i'59 

60 

310 

2"22 

r9f> 

rt>9 

'73 

I  55 

N  umber  of  read- ^ 

ings  for  eacii 
value            „.  ^ 

J  r 

16 

10 

7 

4 

it  is  clear  that  the  constant  only,  and  not  the  form  of  the  expression, 
varies  with  the  pressure*  Therefore  any  accidental  imperfect  beddings 
which  will  remain  consitant  through  one  set  of  readings,  will  Jiot  affect 
the  form  of  the  curve.  But  it  is  necessary  to  use  only  readings  from 
wclUbcdded  brushes  in  calculating  the  etfcct  of  pressure,  and  therefore 
the  most  rehable  sets  have  been  selected,  and  the  mean  values  of  k  for 
different  pressures  have  been  found  to  conform  very  closely  with  the 
CJcprcssion  k^i  +  o'li  JV*  In  Fig.  6  is  delineated  this  cur vc»  with 
the  ascertained  values  shown  as  points.  The  agreement  is  as  close  as 
can  be  expected.  Th€  full  expression,  between  the  limits  io-fk> 
amperes  and  7-46  ox.,  may  be  written  with  considerable  accuracy-— 


K  = 


1+0*22^ 

lo  represent  the  relation  of  E.M.P\*  current,  and  pressure  with  a  well- 
bedded  brush  free  from  vibration. 

Doubt  may  arise  whether  a  plain  copper  drum  rcaMy  represents  a 
commutator.  Assuming  that  the  surface  of  the  comnuitator  is  smooth, 
there  seems  no  reason  to  doubt  this,  were  it  not  for  the  fact,  as  will  be 
shown  later,  that  the  current  from  the  brush  at  each  part  fluctuates  as 
it  passes  over  a  segment,  the  amount  of  fluctuation  depending  on 
the  position  of  the  part  in  the  brush  and  upon  the  nature  of  the  varia- 
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This  matter  wiU  be  exarmned  m 


tioti  of  the  current  in  the  segment 
the  last  portion  of  the  paper* 

It  will  be  wull  known  to  all  that  the  actual  surface  of  contact  is 
often  only  a  smali  proportion  of  the  total  brush  surface,  and  it  is 
interesting  to  examine  what  effect  will  be  produced  by  imperfect 
bedding.  Let  the  area  be  reduced  to  iln  of  its  nominal  value.  Then 
the  pressure  per  unit  area  and  the  current  density  are  increased  n 
times.    The  E,M*F.  is  clianged  to  the  value — 

^  i^    1  +  o-aa  ^P 


20       30        40 

Prei5ure  in  oia 

Fig.  2.— Mean  Values  from  Fig.  1. 


Within  large  limits  this  factor  differs  very  little  from  unity*  For 
example,  if  only  one-iiflh  of  the  brush  is  beanng,  the  increase  of 
E.M^F.  is  not  more  than  5  per  cent.  Hence  we  see  that  imperfect  bed- 
ding has  scarcely  any  influence  on  the  brush  losses.  It  follows  also 
that  with  a  given  spring  tension  and  current  the  loss  will  be  much  the 
same  whatever  size  of  brush  be  used  within  reasonable  limits^  and  that 
there  is  no  advantage  in  using  low  current  densities.  Moreover,  a  small, 
and  consequently  light,  brush  with  equal  total  pressure  will  vibrate  much 
less,  and  will  therefore  be  less  liabic  to  spark.  The  frictional  losses 
will  be  also  unchanged,  for  it  will  be  shown  later,  what  is  indeed  quite 
normal,  that  the  frictional  loss  is  proportional  to  the  pressure.  There 
will  be  a  certain  ratio  between  current  density  and  pressure  per  unit 
area  at  each  speed,  at  which  losses  are  a  minimum,  the  ratio  being 
kept  low  at  low  speeds  and  high  at  liigh  speeds.  The  curves  in  Fig.  3 
show  the  total  losses  in  w^tts  per  ampere  coilectcd,  plotted  against 
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t  density,  (ov  various  pressures  and  speeds,  the  values  beitjg  taken 
direcUy  from  the  curvui*  in  Fig.  2,  and  the  friction  constant  being 
0'cmxj5,  for  which  see  later*  It  will  be  found  that  when  horizontal 
Itoes  arc  drawn  through,  representing  a  constant  lo^^s,  the  ratio  of 
carrcnt  density  to  pressure  i^  approximately  constant.  At  a  high 
speed,  say,  3,000  ft,  per  minute^  the  7  oz.  pressure  is  the  most 
economicaJ  with  a  c.d.  of  30,  or  a  ratio  of  4  to  i,  while  at  500  ft. 
per  minute  we  may  use  7  a  a.  at  9  amperes,   18  oz*  at  24  amperes. 


3 

1i  t 

50 

ofe 

et  pe 

T  mil 

, 

■L   '• 

s. 

f , 

¥* 

£4 

12 
7 

\ 

^ 

*^  - 

u,^ 

=5C=-= 

^^ 

la       20      30      40       50      tiQ^jmpst. 


H>    'JBO      SO      40      50  ^  6oa.mp(5 
Current  density 


20        30       40        50 

Current  densiDij 


6oajnp&. 


£0       5^       4^       5D 

Ctirrent  den&ft}L^ 


60a/npa 


Fic*.  3^^ — Total  Losses  per  Ampere  Collected,  for  various  speeds,  pressures^ 
and  cunent  densities* 


I 


or  24  oz.  at  32  amperes  with  nearly  equal  minimum  loss,  or  a  ratio 
of  rj  to  I.  Of  course  these  conclusions  will  be  modified  by  con- 
siderations  of  sparking,  and  it  may  not  be  possible  at  hi^li  speeds  to  use 
the  most  economical  ratio, 

Mr.  Hohart  ("  Electric  Generators  ')  mentions  40  amperes  as  a  safe 
limit,  and  20  01.  as  ^orxl  practice,  or  a  ratio  of  2  to  i.  If  the  curves  of 
total  losses  are  exiimined  for  the  point  corresponding  to  40  amperes 
and  30  oz,*  it  will  be  seen  that  there  is  not  much  wrong  with  these 
vaJueSf  excepl  at  the  highest  speed,  and  here  a  lighter  pressure  and  a 
greater  current  density  might  produce  sparking.     It  is,  indeed,  satisfac- 
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tory  to  find  that  over  a  wide  range  of  speed,  pressure,  and  current 
density  a  low  value  of  total  losses  can  be  obtained  ;  but  there  is  a 
heavy  penally  if  these  limits  are  much  exceeded*  There  is  no  advantage 
in  using  a  low  current  density,  and  in  order  to  obtain  the  best  condi- 
tions over  all  loads  of  a  dynaraoj  the  current  denjiity  at  full  load  sbotitd 
be  fairly  highj  a  few  well-designed  brush  holders  being  better  than  a 
number  of  cheap  one^,  especially  at  high  speeds,  where  a  low  current 
density  is  extravagant. 

Corresponding  tests  were  carried  out  with  the  S  quality  of  carbons 
from  the  same  maker.  This  is  harder  and  letis  graphitised  than  the  X 
quahty^  and  its  specific  resistance  is  three  times  as  large.  It  may  be 
taken  to  represent  an  average  hard  grade  of  good  quality.  Owing  to 
the  greater  hardness,  it  was  a  matter  of  some  difficulty  to  obtain  good 
bedding,  several  hours  of  continuous  running  producing  little  effect, 
even  after  the  most  careful  preUminary  rubbing  down  with  fine  emery 
paper*  To  facilitate  bedding,  the  area  was  reduced  to  half  a  square 
inch,  but  the  contact  was  never  quite  complete.  The  carbons  tended 
to  scrape  when  the  surface  w^as  kept  polished  by  a  pad,  and  better 
results  were  obtained  when  the  rubber  was  omitted^  the  E»M.F,  being 
more  consistent  and  of  lower  value.  The  tests  were  taken  with  the 
drum  well  warmed,  each  series  being  completed  as  rapidly  as  possible 
in  order  to  maintain  an  approximately  constiint  temperature  through 
the  set. 

A  group  of  readings  gave  very  consistent  results,  the  successive 
sets  not  varying  more  than  i  per  cent,  from  the  mean  value  :  but 
when  repeated  at  a  later  date  the  readings,  though  equally  consistent 
among  themselves,  differed  considerably  from  the  former  values. 
Fig*  3 A  shows  the  results  on  two  different  days,  1.  and  II.  being  taken 
on  one  day  at  40  and  60  oz,  per  square  inch  respecti%'ely,  UL  and  IV. 
being  the  same  taken  at  a  later  dale.  The  logarithms  when  plotted  lie 
very  closely  in  straight  fines,  and  the  function  is  of  the  form  :^ 

I.    E  is  proportional  to  r^*. 

n.   E       ,,       .,       1-^ 

III-     E  .,  ,,  i**. 

IV.     E  „  ,,  r^\ 


^ 


On  each  day  the  curves  agree  fairly  welh  but  some  change  in  con- 
ditions has  made  a  considerable  alteration  in  the  form  of  the  curve. 
The  mean  of  all  the  readings,  some  thirty  sets  in  all,  gives  a  curve  of 
the  form  E^^r^  which  is  very  different  from  that  obtained  with  X 
carbons,  and  the  difference  is  important  in  the  process  of  commutation* 
More  prolonged  experiment  is  required  on  various  qualities  of  cartniu, 
hut  it  is  clear  that  the  contact  resistance  does  nt^t  vary  much  for  a  large 
difference  in  specific  resistance^  and  that  the  law  of  variation  of  E  lo  i 
is  not  the  same  for  different  qualities. 

Reference  must  be  made  here  to  a  paper  by  Professor  E.  Arnold  * 

•  "  tJber  (Ue  rnlt-rsiichuti];  \oii  Dytiamobilirsleri/'  Eltktrotgi;:httik  tinJ  Xtitsi:himHiHi*f^ 
July  2Q.  1906^  ^tbatnict  in  Ektirtiuiti,  Vol.  58,  190ft,  ]x  14. 
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which  duals  with  the  sAiUi*  subjucl.  The  materials  exaniinec!  wure  X 
and  Z  quality  Le  Carbone  carbons,  and  except  thai  the  druiii  was  of 
brm^s  in-^tead  of  copper,  and  that  the  K,M,P\  wa>  obbt^rved  between 
a  single  brush  and  drum,  the  method  of  testing  was  similar.  When  a 
long  period  of  time  elapsscd  between  each  reading,  so  that  the  tempera* 
lure  of  drum  and  brti^h  was  individnal  for  each  value  of  the  current 
the  E*M,F.  for  the  two  brushes  readied  a  value  of  i"i  volt  for  Z  and 
09  volt  for  X  carbons  at  a  current  density  of  some  70  amperes  per 
square  inch,  and  as  the  current  increased  beyond  this  iij^ure  the  B*M.F. 
rather  diminished.     We  have  not  found  tlits  to  occur  in  our  experi- 


ments, and  while  change  of  conditions  often  appeared  to  affect  the 
readings,  in  the  end,  after  repetition,  little  actual  alteration  was  dis- 
covered.  Professor  Arnold  also  took  sets  rapidly,  and  obtained  curves 
almost  identical  with  ours.  It  is  of  interest  that  m  these  last  readings 
he  used  a  commutator  instead  of  a  drum, 

Some  other  expenments  and  conclusions  drawn  from  them  by  Pro- 
fessor Arnold  will  be  discussed  in  the  bst  portion  of  this  paper* 

I L— Friction  or  Carbon  Brushes. 

The  friction  was  measured  by  reading  the  power  absorbed  by  the 
driving  motor  when  the  brushes  were  on  and  off  respectively,  the 
r^a<|uigs  being  taken  immediately  after  the  E,M.F.  readings  at  every 
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sett    For  convenience,  the  power  wasted  in  friction  has  been  expressed 

by  the  formula  W  =  ^  z'  P  A  watts,  where — 


V  ^  velocity  in  feet  per  second, 

P  ^  pressure  iti  ounces  per  square  inch. 

A  =  area  in  square  inches  of  both  brushes. 


I 


The  co-efficient  fi  shows  some  %^ariationj  but  the  divergencies  from 
the  mean  do  not  point  to  any  modification  of  the  above  formula.  The 
value  obtained  with  the  above-described  brush  holders  and  a  polished 
surface,  as  a  mean  of  i8  readings,  was  ^ss  ©'00065.  Values  were  also 
obtained  when  other  brush  holders  were  used,  which  may  conveniently 
be  ^iven  here. 

Value  of  /i — 


1.  Direct-pressure  brushes            ^o'OOo65 

2.  Padded  brushes  and  heavy  holders    ,..  =o"ooo50 

3.  H ea vy  br ush  h old ers      ,        . . ,  ^  0^00037 

4.  Par  shall' s  value -        _ ^o"Ooo43 

5.  Raymond,  graphitised  brushes  ...  :=  0*00070 


I 


r 
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The  agreement  between  Raymond's  value  and  the  first  one  is  fairly 
close^  and  possibly  his  brushes  were  softer  than  ours.  The  value  with 
heavy  holders  is  bw,  and  this  is  doubtless  due  to  the  vibration.  An 
examination  of  Mr,  Moore's  experiments,  from  which  Mr.  Parsh all  takes 
the  above  value,  shows  that  his  brush  holders  probably  had  a  good  deal 
of  vibrationj  and  hence  the  frictional  loss  is  also  low.  It  should  be 
added  that  in  the  case  of  2  and  3  the  drum  was  not  continuously 
polished,  and,  as  has  previously  been  stated,  the  carbon  dust  acts  as  a 
lubricant  to  a  small  extent,  reducing  the  friction.  Probably  the  value 
c'0005  will  represent  the  usual  working  conditions  with  fairly  hard 
hrusihcs.  although  at  high  speeds^  where  some  vibration  is  probable,  it 
*ill  be  reduced  to  0*0004, 

III,— Experiments  with  Lubricated  Brushes, 

It  is  a  common  practice  to  use  some  lubricant,  which  generally 
contains  hard  paraffin  w^x  as  the  basis.  To  examine  what  influence 
the  lubricating  film  exerts  on  the  E.M.F,,  a  set  of  readings  was  taken 
with  the  same  brushes  and  holders  as  in  Series  L,  but  lubricating  the 
drum  with  paraffin  wax.  It  was  not  so  easy  to  ensure  uniformity  of 
lubrication  as  uniformity  of  cleanliness,  particularly  with  a  solid  or 
pasty  iubricant*  When  first  put  on,  Ihe  lubricant  causes  sparking  and 
a  rise  in  the  E.M.F.,  and  a  consistent  condition  is  obtained  only  after 
the  wax  has  become  softened  and  uniformly  spread.  Therefore  con- 
tinuous application  was  not  possible,  and  some  variations  were 
inevitable  in  the  quantity  of  lubricant  on  the  surface.  This  made  less 
difference  to  the  HLM.F.  than  to  the  friction.  The  temperature  of  the 
surface  affected  the  viscosity  of  the  wax,  and  on  a  cold  surface  the 
effect  was  not  satisfactory.    This,  however,  is  not  likely  to  qpcur  in 
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practice,  and  iu  the  tests,  the  drum  and  bnishes  were  warmed  up  by 
a  large  current  before  readings  were  taken. 

Fig.  4  shows  a  complete  series  taken  :it  2,300  ft,  per  minute,  and 
it  will  be  seen  that  the  lubricant  has  produced  very  little  change  in 
either  the  shape  or  ihe  value  of  the  curvx%  until  the  pressure  is  reduced 
to  18  oz.  Below  12  oz.  Ihe  readings  were  irregular,  and  the  E.M.F. 
rose  rapidly,  showing  that  there  was  imperfect  contact.  The  speed 
exerts  considerable  influence  on  the  E.M.F.  E%*en  at  a  pressure  of 
42  02,  there  is  a  continuous  change  between  1,200  ft*  per  minute  and 
3,300,  At  r,200  the  K.M.F.  was  exceptionally  low^  w^hereas  at  3,300 
the  value  Is  nearl}'  doubled.  With  a  dry  surface  (Fig.  i)  there  was  no 
change  at  all. 


I  Z  VoiG5  O  I 

Fig.  4.— Tcit«  with  Lubricated  Surface. 
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The  frictional  loss  was  determined  at  tbc  same  time,  the  folJowing 
values  being  obtained  >  - 


Pressure            12 

j8 

24 

36 

40 

42  oz 

p=           0-00013 

0 

»S 

074 

065 

10 

or  a  mean  value  of  oooon  watts  per  o^.  per  foot  per  mia,  per  sq*  in. 
The  values  given  above  show  rather  wide  divergencies,  due  to  differ- 
ences in  tcmper^iture  and  thickness  of  lubricant,  but  in  all  cases  the 
^-alue  is  much  lower  than  that  found  with  a  dry  surface. 

Two  special  commutator  lubricants  were  also  applied, one  a  mixture 
of  paraftin  and  graphite,  the  other  apparently  consisting  of  powdered 
paraBin  with  a  little  soapstone,  coloured  and  scented  with  unimportant 
constituents.  The  results  were  much  the  same  as  those  obtained  with 
paraffin  wax  alone,  though  it  is  possible  that  with  an  ungraphitiscd 
brush  the  addition  of  graphite  in  the  lubricant  may  be  bet\c!ic\ivL 
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Sc%cral  liquid  lubricators  were  triudj  applied  conliuuoU'ly  by  a  pad 
agahisl  ihc  drum.  Among  them  were  light  engine  oil,  para^n  oil,  and 
toluol.  None  were  advantageous.  The  thinner  lubricants  somewhat 
increased  the  K.M  J*\  and  made  little  difference  to  the  friction,  while 
the  engine  oil  rapidly  closed  and  increased  the  E,M.F.  considerably, 

T'he  results  of  the  tests  with  paraffin  wnix  are  remarkable,  and  were 
ccrUinly  not  expected  t>y  the  authors.  The  curve  at  1,200  (L  per 
minute  (Fig.  4)  is  the  mean  of  six  sets,  all  agreeing  closely ^  so  that 
no  accidental  error  was  possible,  and  it  will  be  seen  that  the  values  ore 
as  low  as  any  obtained  with  the  dry  surface.  The  lubricant,  although 
an  insulator  of  enormous  resistance,  permits  the  passage  of  large 
currents  with  absolulely  no  interference,  and  yet  is  present  in  suflfi* 
cient  thickness  to  reduce  the  friction  to  one-fifth  of  its  value  for  dry 
surfaces.  This  is  an  attractive  subject  for  discussion,  but  one  which 
cannot  be  entered  upon  here.  1 1  may  be  added  that  when  the  drum 
was  stopped,  the  resistance  w*as  very  irregular,  and  it  generally  rose  to 
what  was  practically  total  insulation. 

Whatever  the  explanation,  there  is  no  doubt  that  the  action  of  the 
lubricant  is  beneficial  in  reducing  friction  and  wear  and  tear  of  brushes, 
without  any  counterbalancing  increase  in  electrical  losses,  provided  a 
little  attention  is  bestowed  on  it.  On  account  of  the  reduction  in 
friction  losses  the  pressure  may  be  increased  to  some  30  or  40  oz,^  and 
over  a  large  range  of  current  density  current  can  be  collected  at  a  total 
loss  of  less  than  3  watts  per  ampere.  The  data  are  scarcely  adequate 
for  precise  calculations^  and  we  shall  not  attempt  any  formula  con- 
necting E.M.F.,  current,  speed,  and  pressure,  which  w^ould  doubtless  be 
much  affected  by  the  degree  of  lubrication  j  but  the  general  character 
of  the  phenomena  and  their  practical  application  are  sufficiently  clear. 

IV.— Ekfect  of  Vibration. 

The  influence  of  vibration  has  already  been  noticed  at  high  speeds. 
To  examine  this  further^  brush  holders  were  made  in  which  there  was 
a  considerable  tendency  to  vibration — long  arms  pivoted  at  one  end 
and  possessing  more  inertia.  The  same  brushes  w^ere  used.  There  i?> 
no  need  to  enter  into  details,  as  the  tests  only  show  what  to  avoid. 

Fig.  5  shows  the  results.  At  580  ft.  per  minute  there  was  no 
vibration,  and  the  values  of  E.M.F.,  even  down  to  12  oz.^  correspond 
closely  with  the  previons  values.  At  1,600  ft.  the  eilfect  is  marked,  at 
2,300  still  more  marked,  the  increase  showing  at  a  pressure  of  55  oz,, 
w^hile  at  3,200  ft.  tlie  E.M.F.  runs  up  to  nearly  9  volts.  Although  the 
collection  at  this  speed  was  not  sparkless,  it  would  scarcely  have  been 
deemed  very  bad  on  a  dynamo.  At  these  high  speeds  the  collection  is 
clearly  almost  entirely  through  the  arc,  as  the  E.M.F.  is  almost  con- 
stant between  10 amperes  and  40,  and  it  is  remarkable  that  the  readings 
were  exceedingly  consistent,  repeated  sets  not  varying  more  llian  some 
3  per  cent. 

The  vibration  was  reduced  by  inserting  pads  behind  the  carbons, 
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and  a  marked  improvement  was  noHced.  At  1430  ft,  per  miaute  the 
E,M.R  was  still  normal*  at  2,300  ft,  it  was  normal  down  to  16  ok,, 
but  at  3,200  ft,  it  was  barely  normal  even  at  42  oz.  It  is  scarcely 
necessary  to  reproduce  these  ctirves. 

It  will  be  noted  that  the  effect  of  pressure  is  twofold.  It  reduces 
vibrationi  and  it  improves  the  actual  contact  independently  of  any 
vibration.  As  has  been  pointed  out,  the  efRciency  of  collection  is 
improved  by  keeping  the  pressure  low^  especially  with  dry  surfaces  ; 
but  the  reduction  must  stop  sharply  at  the  point  where  the  particular 
brush  holders  in  question  show  a  tendency  to  vibration,  or  losses  will 
run  up  rapidly.  It  is  important  to  notice  that  the  E.M.F.  maintains  a 
high  value  with  small  ctirrcnts,  so  that  an  increase  in  brush  area  will 
not  eliminate  the  loss,  unless,  by  subdividing  the  brushes,  a  probability 
is  obtained  that  some  of  them  will  be  making  good  contact.  These 
results  strengthen  the  opinion  expressed  above,  that  a  few  well -designed 
holders  are  better  than  a  number  of  ttad  ones. 


V,— Resistance  of  Brushes  Standixg. 


Though  not  a  practical  condition,  it  will  be  interesting  to  examine 
the  resistance  of  the  brush  contact  when  standing.  This  was  deter- 
mined during  some  of  the  tests,  after  stopping  the  drum.  The  current 
was  raised  from  10  to  60  amperes  as  before,  and  while  occasional 
abnormal  values  of  E,M.F*  were  obtained,  the  readings  for  the  most 
part  showed  that  the  ratio  of  E,M,F,  to  current  was  constant  for  a 
given  pressure,  and  that  Ohm's  law  holds  good.  The  resistance 
diminished  as  the  pressure  increased,  and  tlie  conductance  may  be 

written  ~  =  0^6  P  +  24,  though  no  great  reliability  can  be  placed  on 
the  formula.    Fig,  6  shows  the  two  curves  of  the  ratio  ^  standing  and 

-=-    running,  against  the  pressure,  the  latter  producing  considerably 

more  effect  on  the  standing  than  on  the  running  values.  With  small 
currents  the  resistance  of  the  running  contact  was  the  greater  ^  but 
between  60  and  70  amperes  the  curves  cross,  and  for  higher  current 
densities  the  stationary  contact  would  have  the  higher  resistance*     ' 

VI.— Effect  of  Time  on  the  E.M.F, 

To  obtain  some  clue,  if  possible,  to  the  curious  shape  of  the  curve 
E/i,  some  variations  were  made  in  the  mode  of  taking  readings,  in  the 
direction  of  ascertaining  the  E.M,F.  at  the  earliest  possible  monien!. 
For  the  previous  curves  were  all  taken  with  a  liberal  allowance  ol 
previous  running. 

1,  The  current  was  kept  at  zero,  suddenly  raised  to  a  particular 
value,  and  the  E,M.F.  read  as  rapidly  as  possible, 

2.  The  E.M,F;  was  read  by  a  ballistic  galvanometer  and  condenser 
when  the  current  was  switched  on, 
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5.  The  E.M.F.  was  read  by  a  ballistic  galvanometer  as  in  No-  2,  but 
the  galvanometer  circuit  was  automatically  opened  a  small  fraction  of 
a  sf?cond  after  closing  the  main  circuit,  tlius  eliminating  the  effect  of 
any  subsequent  change. 

Readings  were  taken  at  24  oz*  pressure  and  1,430  ft.  per  minute* 
To  avoid  cumbering  this  paper  with  too  many  curves,  it  may  simply  be 
stated  t!iat  all  three  methods  gave  closely  the  same  curve,  and  the 
mean  of  them  all  agreed  almost  exactly  with  the  normal  running  curve  at 
that  speed  and  pressure.  The  curve  of  No.  3  method  gave  slightjy  lower 
viduesof  E*MtF*  than  the  others,  but  the  difiference  was  not  stifficieiit 
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to  bear  any  deductions.    It  may  be  taken,  therefore,  that  the  E.M.F. 
a^umes  this  value  in  an  exceedingly  short  space  of  time. 

The  form  of  the  curve  of  E/(  is  strongly  suggestive  of  the  shape  of 
the  ciir%*c  obtained  when  a  glow  lamp  is  heated,  but  the  experiment  with 
fuethod  3  shows  that  any  heating  must  be  confined  to  an  extremely  thin 
layer  of  carbon,  on  account  of  the  rapidity  with  which  it  lakes  place. 
There  is  also  the  difficulty  that  stationary  brashes  do  not  exhibit  this 
phenomenon,  but  obey  Ohm's  law,  so  that  the  mere  fact  that  the 
contact  takes  place  at  comparatively  few  points,  with  consequent 
enormous  current  densities  for  a  short  distance,  does  not  seem  a 
satisfactory  explanation,  for  some  similar  effect  should  be  shown  in 
Ihc  stationary  brush.  We  confess  our  inability  to  suggest  a  theory 
emptaining  the  law  of  variation  of  the  contact  resistance, 

VI L— Determination  of  Sparking  E.M-F* 
The  next  part  of  our  experiments  was  devoted  to  determining  the 
E.M.F.  between  the  brush  and  the  commutator  segment  at  the  moment 
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of  separation,  which  we  may  call  the  sparking  E*M.F.,  or  the  E.M.F. 
due  to  a  sudden  cessation  of  current  in  an  inductive  circuit,  which 
tends  to  produce  a  spark  at  the  point  of  separation.  This  has  no  con- 
nection with  the  reactance  E.M.F,  emtjodied  in  various  formulae,  which 
deal  with  the  value  of  L'^'jdi  before  the  break,  and  assume  that  the 
current  has  already  become  zero  when  the  separation  occurs^  The 
sparking  E.M.F,  is  therefore  a  measure  of  the  failure  of  the  machine 
to  commutate  its  current  in  the  correct  manner.  That  this  does  not 
necessarily  mean  that  the  machine  is  commcrciatly  unsatisfactory  is 
obvious  from  the  fact  that  in  forced  commutation  with  fixed  brushes 
the  ideal  procedure  must  be  departed  from,  and  we  shall  examine 
whether  the  conditions  for  reducing  the  inevitable  sparking  E*M.F, 
are  the  same  as  those  producing  an  ide^l  commutation  under  the  ideal 
conditions.  We  shall  also  examine  the  value  of  the  currents  circulating 
in  the  short-circuited  coil,  and  their  effect  on  the  sparking  E.M,F,  and 
the  magnetic  6 eld  of  the  machine. 


Flu.  7. 

As  interest  is  now  particularly  directed  to  the  use  of  machines  with 
com  mutating  poles,  this  type  was  examined  with  the  greatest  fulness, 
and  for  comparison  similar  readings  were  obtained  from  a  simple 
machine. 

The  machine  was  a  i5-h.p,  4-poIe  enclosed  motor  with  two- 
circuit  wave- wound  slotted  armature.  At  460  volts  with  the  full 
exciting  current  it  ran  at  550  revolutions  per  minute.  The  armature 
has  1,384  bars  and  173  commutator  segments,  with  four  turns  per 
section,  ag  slots  with  three  outward  and  three  return  sections  in  each 
slot  The  reactance  E.M.F.  calculated  by  Hobart's  formula,  if  the 
effect  of  the  commut^ting  pole  is  neglected,  is  3*5  volts.  The  four 
brush  arms  each  carry  two  brushes  r  in,  long  and  rV  in.  broad.  The 
commutating  poles  had  a  narrow  pole  face  I  in,  broad,  but  both 
main  and  commutating  poles  slanted  across  the  teeth,  so  that  the  total 
span  was  2  ins*,  or  nearly  two  slots  and  two  teeth,  as  shown  in  Fig.  7. 
The  makers  were  the  Morris  Hawkins  Company. 

The  E.M.F.  was  measured  on  a  high-speed  falling- plate  Duddell 
oscillograph »  which  was  connected  as  a  voltmeter  between  the  brush 
and  a  trailing  spring  attached  to  the  back  of  the  brnsh,  and  separated 
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from  it  by  a  sheet  of  mica  /^  m.  thick.  While  both  brusli  and  spring 
were  touching  the  satne  segment  the  oscillograph  regiiitered  the  fall 
of  E.M.F*  froiii  carbon  to  segmentj  but  as  the  carbon  left  the 
segment,  the  induced  E.M.F.  caused  a  current  to  flow  through 
the  instrument  to  the  segment  just  left.  As  the  spring  traversed 
the  mica  between  the  segments  the  circuit  was  broken  and  the 
defleclion  feii  to  zero^  hut  in  many  cases  the  brush  bridj^cd  this, 
and  the  E*M.F.  merely  dropped  to  the  first  value.  The  use  of  a 
circuit  in  parallel  with  the  break  tends  to  reduce  the  E.M>\,  but 
ia  most  cases  the  resistance  was  some  i6o  ohms,  so  that  a  very  fair 
idea  of  the  sparking  E.M.F.  was  obtained.  The  direction  of  the 
E,M,F.  indicates  whether  the  current  is  from  brush  to  segment  or 
the  reverse,  and  indicates  whether  the  machine  is  under-compensated 
or  whether  over-compensation  has  set  up  a  circulating  current  in  the 
reverse  direction.  In  the  following  diagrams  the  direction  above 
the  ztto  line  indicates  an  E.M.F>  in  the  direction  of  the  main  current, 
or  under-compensatton. 

3t\ 


wi^m 


Tiftiti    I* ^ 

Fig.  8.— Running  Light:  Slow  speed  (150  revs.). 

As  the  speed  which  was  used  in  some  of  the  tests,  870  revolutions 
per  minute,  involves  2,500  commutations  per  second  at  the  brush, 
the  resolving  powers  of  even  an  oscillograph  were  severely  taxedj  and 
Ihc  w^ves  are  unavoidably  much  crowded.  Further  resoltitton  by 
mcreasitig  the  spevd  of  falling  was  prevented  by  the  weakening  of  the 
photographic  trace.  But  for  the  most  part  it  was  only  the  height  0/ 
the  wave  that  was  required,  and  a  large  number  of  waves  gave  a  better 
v-ilue  of  the  a%^crage  E.M.F,  required.  In  order  to  make  sure  of  the 
action  of  the  apparatus  a  slower  speed  was  adopted  at  first.  Fig*  8 
shows  the  action  at  a  speed  of  150  ru volutions  when  the  motor  was 
running  Hght.  The  waves  are  quite  distinct,  falling  into  groups  of 
three,  the  number  of  coils  in  a  slot*  The  E.M.F.  rises  as  the  slot 
travels  to  the  approaching  pole  piece  out  of  the  field  of  the  commu- 
tilting  pole.  The  zero  values  show  the  mica  separators,  after  which 
ibcrc  is  a  rapid  rise  to  the  E.M.F.  between  brush  and  segment,  fol- 
lowed by  another  rise  as  the  brush  leaves  the  segment.  There  is  much 
Lrrcgtilarity  of  detail,  and  it  can  scarcely  be  expected  that  the  currents 
will  repeat  with  exact  regularity.  There  are  six  ripples  on  each  wave 
for  which  more  than  one  cause  can  be  suggested,  and  it  would  be 
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■  unprofitable  to  follow  them  out   m  detail    The  machine  is  under- 

H  compensated,  and  the  sparking   E*M,F.  rises  through   the  group  of 

H  three  coils    as  the  compensating  pole  becomes  weaker*    The  maxK 

H  mum  E.M»F.  is  only  17  volts,  as  the  speed  is  very  low,  the  E,M.F* 

H  between  brush  and  segment  being  about  0*8  volts.    The  compensating 

H  poles  were  excited  with  more  current,  the  motor  still  ronmng  li^ht, 

■ : 
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Fio.  9, — Running  Light  1  6  amperes  round  Commutat<»r  Poles. 
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Fig.  10. 


Fig,  II* 

and  the  curves  showed  a  gradually  increasing  over-compensation^ 
Fig*  9  was  taken  with  6  amperes,  the  armature  current  being 
2  amperes,  and  much  of  the  E,M.F.  is  now  in  the  reverse  direction* 
In  fact,  the  weaves  group  themselves  in  two  sets  of  three,  and  in  alter- 
nate sets  the  current  is  entirely  in  tlie  reverse  direction,  the  other 
parallel  brush  arm  probably  taking  the  driving  current  during  this 
interval* 

Repeating    with    different  loads  and    the    proper    compensating 
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cuiTcnt  for   eachi   the  E.M*F.  showed  always    under-compensation. 
This  wtU  be  examined  in  more  detail  at  a  higher  speed. 

The  motor  was  intended  for  a  large  range  of  speed,  and  we  may 
therefore  pass  over  tf^  tests  at  normal  speed,  to  examine  its  behaviour 
under  the  more  trying  conditions  of  a  high  speed  and  a  weak  main 
field,  A  speed  of  about  870  revolutions  per  minute  was  arranged,  and 
l^gi  10  gives  the  light  load  values  with  an  E*M.F»  of  6  volts,  Fig.  11  the 
full  load  values,  in  which  the  E.M,F.  rises  to  20  volts.  The  motor  is 
considerably  under-compensated,  but  nevertheless  the  brush  dealt  with 
this  high  E.M.F*  with  very  Uttlc  visible  sparking,  the  mass  of  cold 
copper  and  the  speed  of  separation  doubtless  contributing  to  this 
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result.    Fig.   12  shows  the  set  of  values  obtained  at  these  and  at 
intermediate  loads. 

Further  tests  were  made  with  no  current  round  the  compensating 
poles.  The  sparking  was  considerable,  and  even  on  half  toad  the 
sparking  E.M.F.  rose  to  32  volts.  By  shifting  the  brushes  the  current 
was  taken  up  to  full  load  with  a  sparking  E.M.F.  of  about  32  volts. 
This  is,  of  course,  an  abnormal  condition,  for  the  commutating  poles 
crc  not  removed,  and  their  presence  over  the  coil  under  the  brush 
roduccs  a  strong  magnetic  lield,  due  to  the  armature,  which  passes 
through  the  coil  and  naturally  produces  large  circulating  currents. 
The  value  of  these  will  be  examined  later^  and  their  magnitude  easily 
explains  this  great  E.M.F. 

It  had  been  in  the  mind  of  one  of  us  that  a  brush  with  a  trailiog 
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edge  hi  the  form  of  a  very  bltint  V  would  wai  beneftcially  in  reducing 
the  current  before  the  tinal  break,  and  this  seemi;d  a  suitable  method 
for  testing  the  device.  The  result,  however,  was  not  favourable,  for 
the  i*parking  E.M,F,  was  very  littie  diminished.  We  have  not  followed 
up  this  method  of  testing  different  quaUties  and  shapes  of  brushes^  bu^^ 
it  appears  to  be  capable  of  much  useful  employment.  ^^| 

The  foregoing  ejtperimenls  indicate  that  where  the  conditioflW 
assumed  m  the  reactance  formulae  are  not  fulfilled,  it  is  important 
to  determine  whether  the  sparking  E-M*F*  will  be  large»  At  the  same 
time  they  show*  that  it  need  not  be  very  small.  In  all  ca^es  of  forced 
commutation,  i.e.,  where  the  current  does  not  die  down  to  zero  by  the 
action  ot  a  suitable  E.M.R  in  the  short-circuited  coil,  but  is  merely 
throttled  by  the  decreasing  area  of  contact  between  segment  and 
brush,  often  in  spite  of  an  E.M,F.  in  the  coil  tending  to  keup  it  up,  in 
all  such  cases  there  will  t>e  an  abrupt  break  and  a  possible  spark.  In 
many  cases  the  main  current  will  be  unimportanti  and  the  value  to 
which  the  induced  circulating  current  has  risen  will  control  thesmooth- 
ness  of  the  comnuUalion,  A  bro;id  hrush  will  be  a  positive  harm,  as 
allowing  the  coil  to  come  more  into  the  field  of  the  wrong  pole,  and 
giving  time  for  the  current  to  rise.  The  value  of  the  current  will  be 
proportional  to  this  tield,  to  the  speed  of  the  machine,  and  to  the 
number  of  turns  in  the  coil,  for  the  resistance  of  the  coil  itself  will 
usually  be  small  compared  to  the  brush  contact  resistance.  The 
tlM.R  produced  by  breaking  this  currents  L'^'ldl^  where  L  is  propor- 
tional to  the  square  of  the  number  of  turns  (if  they  are  all  in  the  same 
alot),  so  that  the  sp:irking  E.M.F,  is  proportional  to  the  cube  of  the 
number  of  turns  in  the  coil  and  the  square  of  the  speed.  But  the 
whole  coil  between  two  adjacent  segments  is  not  involved,  if  there  are 
more  than  two  sets  of  brushes,  for  the  different  sets  break  circuit 
successively,  and  the  parts  between  the  other  brushes  will  readjust 
their  currents  without  a  spark.  Hence  the  commutation  is  more  easily 
forced  in  multipolar  machines  than  in  those  with  only  two  poles.  To 
test  this,  the  sp^irking  E,M,F.  was  determined  with  one  brush  on  each 
of  the  four  arms,  and  again  with  two  brushes  on  two  aims.  In  the  first 
case  the  E.M,F.  was  8  volts,  in  the  second  1$  volts,  or  nearly  twice  as 
great,  the  length  of  har  in  which  current  is  stopped  being  twice  as  long. 

The  same  result  is  shown  in  the  oscillograph  curves  of  the  current 
in  the  short-circuited  coils  shown  by  J.  K.  Catterson-Smith/^  Using 
several  brushes,  he  found  the  current  change  its  value  by  successive 
small  steps  instead  of  one  large  one,  from  which  it  may  be  concluded 
that  there  will  be  less  tendency  to  sparL 

The  above  estimation  of  the  sparking  E.M.F.  assumes  that  tllc 
decrease  of  current,  due  to  the  diminishing  area  of  the  segment  in  con- 
tact with  the  brush,  is  sufhctently  rapid  to  produce  a  sensible  E.M.F, 
in  the  coil.  But  if  this  is  not  the  case,  and  the  self-induced 
E;\LF,  docs  not  appreciably  influence  the  current,  then  the  sparking 
E.M.F.  will  be  proportional  to  the  current  at  the  moment  of  breaking, 
•  j£>Mrrta/  ittstituUiitt  qfEkifrii^ii  Ettgitfeirs^  val  35,  ttpt^^  p.  430, 
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to  the  coefYicient  of  self-induction,  <ind  to  thu  speed  or  Lni,  which 
is  milar  to  the  reactance  voltage  except  that  i  has  only  a  remote 
wjmiection  with  the  armature  current^  and  depends  on  the  resistance 
of  the  bru^h  contact  and  the  E.M.F.  induced  by  the  stray  Ik  Id, 
If  it  is  possible  to  find  a  qnality  of  carbon  in  which  the  resistance 
is  fairly  independent  of  current  density  the  use  of  i^uch  brushes  should 
sensibly  decrease  sparking. 

For  forced  commutation  it  is  preferable  to  have  as  small  a  magnetic 
fitld  as  possible  in  the  interpolar  space,  to  diminish  the  circulating 
currents.  Hence  a  narrow  air-gap  and  a  large  interpolar  space  are 
btneficial.  Distortion  of  the  field  is  then  of  little  consequence^  and 
weakening  or  even  reversing  the  poie  tip  will  not  matter,  so  long 
is  the  field  from  the  strengthened  pole  tip  does  not  come  down  on 
the  coil  The  ideal  machine  with  connnutating  poles  docs  not  experi- 
ence forced  commutation,  but  with  incorrectly  adjusted  poles  some 
forcing  of  the  current  is  inevitable,  and  the  larger  inductance  will 
cautte  sparking. 

As  a  comparison  with  the  foregoing  curves,  some  tests  were  made 
on  a  simple  motor  without  anti-sparking  devices.  The  machine  was  a 
6-polc,  55-h4\  motor  made  by  Mavor  and  Coulson,  running  normally  at 
5^  revolutions  with  460  voks  on  the  brushes.  The  pole  shoes  were 
square  and  the  air-gap  rather  smalt  for  the  size  of  the  armature,  being 
jgmm.  The  slot  bre;idth  was  9  mm.  and  the  breadth  of  the  top  of  the 
tooth  was  10  mm* 

There  were  382  turns  with  142  commutator  parts,  or  two  turns  per 
coil,  wound  in  a  two-circuit  winding.  There  were  six  pairs  of  brushes, 
each  of  I J  sq,  in.  area.  The  nominal  maximum  current  density  was 
therefore  15  amperes  per  square  inch. 

As  this  machine  was  fitted  with  additional  testing  devices,  which 
included  a  pair  of  spring  contacts  on  the  commutator,  the  copiact 
rei^istaoce  of  the  brush  was  eliminated  by  setting  the  two  contact  makers 
i  short  distance  apart,  the  one  just  in  front,  the  other  behind  the  trail- 
ing edge  of  the  brush.  When  they  both  touched  the  same  segment  the 
E,M.F.  fell  to  zero,  and  the  peaks  of  the  curve  read  the  E.M»F.  in  the 
coil  as  it  left  the  brush  and  received  the  main  current  from  the  new 
side.  The  potential  brushes  were  set  at  a  distance  lit  Lie  more  than 
thai  of  the  breadth  of  the  mica  between  the  segments,  so  that  the 
reading  just  included  the  spark  and  no  more. 

Setting  the  brushes  in  the  most  favourable  position  for  running 
light,  the  curves  gave  an  KM.F.  of  3-5  volts  at  this  load,  which  rose  to 
4  volts  at  half  load.  It  was  found  that  if  the  potential  leads  were  set 
with  a  very  small  gap,  so  that  the  trailing  contact  moved  on  to  the 
mica  after  a  contact  lasting  only  j\  in,,  the  E.M.F.  curve  rose  abruptly 
and  dropped  to  zero  (Fig.  13),  On  increasing  the  time  of  contact,  the 
aero  drop  was  only  momentary,  with  a  rapid  rise  as  before,  but  there 
M  lotlowed  a  momentary  dip  as  the  sparking  E.RLF,  ceased, and  a  further 
Bnsc  showed  the  E.iLF.  induced  in  the  coil  by  the  stray  field  (Fig.  14], 
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rise  in  Fij^.  14  is  the  same  as  the  rise  in  Fig.  13,  and  that  this  is  smaller 
than  the  E.M.F.  induced  by  the  stray  field  shows  how  thoroughly  the 
current  is  controlled  by  the  diminishing  area  of  brush  contact. 
The  following  values  of  the  first  rise  were  obtained  : — 

Armature  Current.  Sparking  E.M.F. 

Brushes  set  for  light  load 


46; 

imp. 

46 

37 

37 

37 

75 

7  amp. 

3-5  volts- 

23     n 

..        35     ». 

46    „ 

40     „ 

46    „ 

S'o     „ 

7       n 

2-0       „ 

7    .» 

20    „ 

37    » 

30          M 

75    M 

..        35     » 

75      n 

...        2-5     ,. 

20-T3 
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Additional  readings  were  taken  by  Ihe  earlier  method,  from  brush 
to  contact  springs  under  ihe  same  conditions  as  those  for  Figs.  13  and 
14.  The  value  of  the  first  rise,  so  far  as  can  be  determined,  is  much 
the  same  as  before,  but  the  inclusion  of  the  contact  resistance  has  com- 
pUcaled  the  curve.  During  this  time  the  zero  value  was  rather 
changing,  and  the  value  of  the  contact  resistance  drop  is  probably 
cxr*gi(i.  rated. 

Without  claiming  any  great  exactness  for  these  numbers,  it  is 
evident  that  the  E.M,F.  of  self-induction,  which  tends  to  produce  a 
spark,  is  very  small  in  this  machine,  and  variation  of  load  and  position 
of  the  brush  does  not  create  large  changes.  The  machine  has  a  very 
wak  field  in  the  space  between  the  poles,  for  the  air-gap  is  small 
and  the  distance  between  pole  pieces  is  large.  The  number  of  turns 
per  coil  is  smalt,  the  complete  coil  is  divided  into  three  parts  by  the 
hrushes,  and  the  speed  is  not  high.  There  are  therefore  all  the  con- 
ditions for  a  very  moderate  sparking  E,M,F.  or  good  forced  commuta- 
tion, although  the  value  of  the  reactance  voltage  is  not  especially  low, 
^^^i  3i  voUs.  A  further  examination  into  the  process  of  commuta- 
tion of  this  machine  will  be  considered  below. 

VIH.— Distribution'  ok  the  Magnetic  Field,  and  Influence  of 

CiRCULATIXG  CURREXTS   IX   A   MoTOR    WITH    CoM MUTATING   POLES. 

Readings  of  the  magnetic  field  of  the  machine  were  taken  by 
means  of  a  search  coil  on  the  armature,  connected  through  slip-rings 
to  the  oscillograph.  Fig.  i6  shows  the  field  due  to  Ihe  main  poles,  and 
Fig.  17  represents  the  influence  of  the  commutating  poles,  with  the 
full  Ciurent  round  the  coils.  Exciting  these  as  for  a  motor,  a  series  of 
curves  was  taken  with  increasing  currents,  and  the  resulting  total 
areas,  representing  the  magnetic  flux,  are  shown  in  curve  A  ^Fig.  18), 
it  is  clear  that  by  half  load  the  commutating  poles  are  saturated,  and 
the  rapid  rise  of  the  sparking  E.M.F.  in  Fig,  12  has  already  indicated 
that  this  was  probable. 

It  has  been  shown  by  Messrs.  Walls  and  Smith  {EUcimian, 
April  6,  1906)  that  in  a  stationary  armature  the  magnetic  flux  of  the 
commutating  poles  is  independent  of  that  due  to  the  main  poles,  and 
it  may  be  regarded  as  crossing  the  latter  at  right  angles.  These  curves 
indicate  that  this  is  the  case,  for  the  effect  is  merely  a  hump  on  one 
sde,  the  main  portion  being  unaffected*  The  brushes  were  put  down 
in  the  central  position,  and  similar  curves  taken  at  different  loadSj  the 
toad  current  exciting  the  commutating  poles.  The  brushes  being 
central^  there  is  no  demagnetising  action  exerted  directly  by  the 
armature  current  The  commutating  poles  are  demagnetised  by  the 
magneto- motive  force  of  the  armature.  There  are  powerful  currents 
in  the  short-circuited  coils,  which  produce  violent  fluclualions  of 
magnetic  field  under  the  comniutattng  polcs^  and  which  vd'ould  tend 
to  magnetise  the  main  field.  But  the  areas  of  the  curves,  which  are 
plotted  in  line  C,  are  almost  constant,  showing  that  the  increased 
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Fig.  i6.— Armature  driven  externally.    Brushes  lifted, 
round  Commutator  Poles. 


No  current 


Fig.  17. — Armature  driven  externally.    Current  round  Commutator 
Poles  28  amperes  (full  load  current).     Brushes  lifted. 
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reluctance  of  I  lie  mam  circuit  due  to  the  diislortiou  of  the  field  has 
counterbalanced  the  increased  M,M-F.  Figs.  19^  20,  21  are  examples 
of  the  curves  obtained  at  tight  load,  half,  and  full  load  respectively. 
The  circulating  currents  stead dy  inci  ease  with  the  increase  of  load,  as 
the  reversed  field  under  the  commutatiog  poles  increases. 


Fig.  ig,— Field  on  Load.    Running  light  :  2  amperes. 


K^ 


Fio,  20.— Half  Load, 


Fig.  31.— Full  Load. 


The  same  tests  were  carried  out  with  copper  brushes^  but  the 
sparking  prevented  the  trial  of  heavy  loads.  The  results  were  much 
the  same  as  with  carbon  brushes,  but  the  circulating  currents  were 
greater,  as  would  be  expected. 

To  esEamine  the  influence  and  magnitude  of  the  circulating  current 
apart  from  armature  distortion,  a  stories  was  taken  with  the  armature 
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running  light  and  a  separate  current  round  the  com  mutating  poles, 
excited  as  for  a  motor.  This  gave  a  gradually  increasing  over* 
compensation*  F'igs,  2Zj  23  give  tlic  results  With  14  and  28  anipcrcs* 
and  the  magnetic  flux  for  each  is  plotted  in  curve  B,  Fjg,  18,  The 
commutation  being  over-compensated,  the  short-circuit  currents  are 
in  the  reverse  direction,  and  the  total  field  is  considerably  diminished, 
Asa  check  on  the  figures  derived  from  the  areas  of  the  curves,  the 
line  B,  %vas  plotted  from  values  calculated  from  the  speed  of  the 
motor,  and  it  will  be  seen  that  the  correspondence  is  fairly  close. 
Copper  brushes  gave  very  much  the  same  results,  the  points  lying  practi- 


FiG.  23. — Current  round  Commutator  Poles  28  ampt  res  :  Brushes  down, 

cally  on  the  same  line  B.  Examining  the  curves  (Fig.  23)  in  detail,  it  will 
be  noticed  that  in  places  the  short-circuit  currents  completely  demag- 
netise parts  of  tlie  commutaling  poles,  from  which  their  value  may  be 
estimated.  The  M,M.F.  across  the  gap  at  lull  load  is  1,700,  and  the 
arapcre-turns  1,350,  There  are  for  the  most  part  two  coils  short- 
circuited  under  the  brush,  containing  24  turns,  so  that  the  current 
must  amount  to  some  60  amperes,  and  its  maximum  value  is  probably 
much  more  in  one  of  the  coils.  Their  influence  on  the  main  field  was 
determined  by  measuring  the  area,  and  the  demagnetising  effect  was 
found  lo  be  some  10  per  cent.  Calculating  from  the  characteristic 
cur%'e,  this  represents  350  ampere-turns,  the  average  value  given  by  tbis 
method  being  much  less  than  the  maximum  value  given  above.  No 
doubt  such  large  currents^  several  times  the  normal  current,  are  not 
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i  be  anticipated  in  a  weU-designed  machine,  but  it  is  clear  that  there 

great  possibilities  if  the  design  Is  incorrect.  The  sparking  E.M^F. 
obtained  under  the  same  conditions  was  found  to  be  very  large. 

An  attempt  was  rnade  to  use  copper  brushes,  but  the  spiirkmg  and 
disturbance  of  the  field  were  so  violent  tl)at  tlie  motor  tiegan  to  hunt » 
and  readings  were  impossible  above  a  magnetising  current  of  7  amperes. 

Another  series  wa^  taken  wtth  the  cfemmntating  poles  excited  as  for 
a  dynamo,  ^f,^  in  the  wrong  direction.  With  the  brushes  hfted^  so  that 
no  disturbance  could  take  place,  the  values  of  line  A  were  obtained 
again,  as  shown  in  D. 

The  brushes  were  then  put  down  and  the  machine  run  as  a  moton 
Line  E  gives  the  results,  corresponding  lo  line  B,  The  short- circuit 
currents  magnetise  the  main  fields  and  the  total  Htix  rises  as  the  current 
round  the  poles  increases. 

These  curves  in  Figs-  19*20,  21,  confirm  the  deduction  from  the 
curves  of  sparking  E.M*F.,  that  the  commutaling  poles  are  not 
sufficiently  powerful^  and  they  further  show  the  great  risk  of  such 
poles  when  incorrectly  designed,  for  the  reluctance  of  the  magnetic 
circuit,  in  the  air-gap  of  which  the  short-circuited  coils  lie,  is  small, 
and  a  small  want  of  balance  of  magneto- motive  forces  wnll  produce  a 
considerable  magnetic  fields  By  using  such  poles  the  maker  expects 
to  be  able  to  alJow  a  large  number  of  turns  in  the  armature  coil,  and 
the  Jiability  of  sparking  is  increased,  in  addition  to  the  disadvantage  of 
the  heating  effect  of  the  short-circuit  currents  on  armature  commutator 
and  brushes,  and  the  loss  of  power.  In  the  simple  machine  there  is 
much  less  danger  of  unsatisfactory  commutation. 

It  is  only  fair  to  tlie  makers  of  the  motor  to  state  that  this  particular 
machine  was  one  of  the  first  they  had  made,  and  it  should  be  added 
that,  notwithstanding  the  errors  rc%^ealed  in  these  tests,  the  motor  runs 
with  little  sparking  even  at  high  speeds* 

The  risk  of  using  too  broad  a  brush  is  also  clearly  brought  out. 
These  should  be  as  narrow  as  possible,  in  order  to  curtail  the  time 
during  which  extra  currents  can  be  produced.  Whether  under  or 
over  compensated,  the  motor  will  tend  to  spark  if  the  brush  is  broader 
than  is  absolutely  necessary,  and  as  we  have  seen  in  the  first  part  of 
ttie  paper,  a  high  current  density  makes  little  difference  to  the  commu* 
tator  losses. 

In  Mr.  Crecdy*s  paper  (Jouni.  ImL  EL  En^,,  April,  1905),  among 
experiments  on  an  alternate-current  series  motor,  is  one  on  a  direct  - 
current  series  motor,  in  which  he  measures  by  a  falling-plate  oscillo- 
gfaph  the  fluctuations  in  the  magnetic  field  and  the  armature  current, 
linding  ripples  in  the  magnetic  field  and  the  current.  He  attii bates 
this,  in  part  at  least,  to  variations  of  brush  resistance,  and  with  a  series 
motor  such  an  explanation  is  possible  :  but  it  was  much  more  probably 
the  iarne  action  thai  has  tiecn  noted  above.  Mr.  Punga,  in  the  discus^ 
sion  of  the  paper,  suggests  that  short-circuit  currents  may  he  the 
exptanation. 
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IX.— Measurement  or  Current  in  the  Seohext  uxder  the 

Brush. 

The  foregoing  experiments  gave  only  mdtrect  information  concerning 
the  curreiit  flowing  into  the  brash  from  a  segment,  and  so  f;ir  as  we 
know,  no  direct  measnrements  of  the  rise  and  fall  of  the  ctirr<^nt  in  a 
segment  have  been  made.  As  the  current  in  a  segment  endnres  for  an 
extremely  short  i*pace  of  time,  cither  an  oscillograph  or  a  contact- 
maker  must  be  used.  The  resistance  of  the  iug  itself  h  too  smaU  to 
permit  of  a  reading  of  the  fal!  of  potential,  but  a  resistance  inserted  for 
the  purpose  would  tend  to  divert  the  current  into  adjacent  lugs  also  in 
contact  with  the  brush.  Accordingly  three  consecutive  segments  were 
provided  with  a  resistance  of  o'orS  ohms,  and  readings  were  taken  from 
the  central  one*  The  current  is  then  unaffected,  except  that  the  total 
armature  resistance  is  momentarily  increased  by  some  5  per  cent.,  which 
will  not  sensibly  influence  the  result.  Currents  in  the  short*circuited 
coils  will  be  reduced,  but  the  dimensions  of  these  will  vary  so  much 
between  one  machine  and  anotheri  and  with  the  width  of  the  brushes, 
that  their  exact  value  in  the  particular  motor  examined  is  not  of  great 
importance.  The  resistance  was  arranged  priuiarily  for  use  with  an 
oscillograph,  which  method  w^s  abandoned,  and  it  was  unnecessarily 
large  for  the  method  finally  adopted. 

The  contact*makcr  method  consisted  in  ctiargjng  a  condenser  witli 
an  E.M.F.  at  a  particular  instant  by  means  of  a  pin  and  spring.  On 
the  terminals  of  the  condenser  w*as  a  galvanometer,  which  with  a  very 
small  consumption  of  the  charge  gave  the  E.M*F,  The  loss  of 
charge  w^  only  6  per  cent*^  or  the  average  E.M.F.  3  per  cent*  below 
the  value  to  be  measured.  The  readings  were  standardised  in  two 
ways:  {1)  by  placing  a  standard  cell  directly  in  the  galvanometer 
circuit ;  {2)  by  placing  the  cell  in  the  contact-maker  circuit  in  iieu  of  the 
potential  to  be  measured.  The  two  readings  agreed  to  o'2  per  cent.| 
showing  that  no  errors  crept  in  at  the  slip-rings*  For  measuring  the 
current  in  the  lug,  potential  leads  were  taken  off  to  a  slide-ring  and  to  a 
contact  pin,  and  from  these  to  the  condenser.  The  F.M.F.  between 
brush  and  segment  was  read  in  the  same  way*  the  pin  being  fixed  in  the 
segment,  and  a  change-over  switch  brought  either  into  action.  The 
positions  of  the  contacts  were  adjusted  to  ^ve  readings  at  nine  points, 
dividing  the  distance  through  which  the  segment  was  in  contact  with 
the  brush  into  eight  equal  parts.  The  whole  circuit  was  carefully 
tested  for  leakage  and  found  to  be  perfectly  sound. 

The  machine  examined  was  the  55  H.P.  motor  previously  used. 
Although  this  lias  six  poles  and  three  brush  arms  in  parallel*  it  was 
thought  desirable  to  avoid  complications,  and  ojily  one  brush  arm  was 
employed.  Otherwise  nine  lug  resistances  w^ould  have  been  needed, 
and  three  simultaneous  readings  of  current  by  three  complete  sets  of 
apparatus.  Though  much  interest  would  attach  to  the  determi nation 
of  the  respective  currents  in  the  three  parallel  circuits,  this  part  must 
be  left  to  the  future. 
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The  use  of  a  single  brush  arm  made  advisable  a  reslriction  of  the 
current  to  half  load,  although  with  the  brush  in  the  most  favourable 
posit iori  a  greater  load  could  have  been  carried.  The  brush  area  was 
2  ins.  a^ially  and  nominally  I  in.  circumferential ly,  which  was  reduced 
actually  to  xV  if'  The  brush  width  was  barely  more  than  the  width 
of  a  segment  and  mica  strip,  so  that  not  more  than  two  scgmcnls  were 
active  together.  The  brush  pressure  was  40  oz.  per  square  inch,  the 
high  pressure  rendering  steady  readings  more  probable.  The  full 
exciting  current  was  used,  and  a  pressure  of  460  volts  gave  a  speed  of 
480  revolutions  per  mimite^  which  was  maintained  all  through.  The 
bruiih  examined  was  the  negative,  current  passing  from  segment  to 
brush « 

Readings  were  taken  with  the  brushes  central,  set  back,  and  set 
forward,  with  currents  of  7,  25,  and  45  amperes  at  each  posrtion.  Repe- 
titions of  readings  showed  some  changes  in  the  form  of  the  curve, 
which  would  be  to  some  extent  influenced  by  changes  in  the  brush 
contact,  and  as  each  set  of  readings  occupied  about  an  hour,  It  is 
probable  that  such  changes  occurred  eveia  during  a  single  set.  The 
most  consistent  examples  are  shown  in  Figs,  34,  25,  and  26.  [In  Fig, 
24  the  current  is  35  amperes,  not  35.]  It  will  be  noticed  that  the 
current  docs  not  start  until  after  the  first  division,  due  to  the  leading 
edge  of  the  brush  being  slightly  bevelled,  as  was  found  afterwards. 
The  upper  curves  show  the  three  currents,  the  lower  curves  the  corre- 
sponding E.M.F.s  between  brush  and  segment,  and  the  central  diagram 
gives  as  ordi nates  the  contact  area  between  brush  and  segment  at  each 
point.  For  a  short  space  in  the  middle  the  whole  segment  is  in  contact 
with  the  brushy  reducing  to  zero  on  either  side,  where  the  current 
begins  or  ceases. 

The  first  rise  of  the  current  is  extremely  rapid,  amounting  in  the 
curve  45  in  Fig.  24  to  a  rale  of  increase  of  200,000  amperes  per  second, 
if  this  is  multiplied  by  the  inductance  of  the  coil  in  which  this  change 
Likes  placci  the  result  is  an  E.M.F*  of  5  volts,  the  counter  E.M.F,  in  the 
short-circuited  coil  Referring  to  the  E.M.F,  curve,  it  has  a  value  in 
the  coil  just  before  contact  of  7  volts.  This  is  the  E.M*F.  due  to  the 
leakage  field.  The  E,M,F.  drops  promptly- to  about  i  or  li  volts,  the 
rest  of  it  being  u^^ed  to  overcome  the  counter  E.M.F.  in  the  coil,  so  that 
the  slope  of  the  current  curve  is  closely  in  accordance  with  this  E.M,Fp 
In  Fig.  25  the  E.M.F,  and  rate  of  increase  of  current  are  almost  as 
great,  but  in  Fig.  26  the  E.M.F.  is  very  small,  and  the  rate  of  rise  of  the 
current  is  moch  slower.  But  this  E.M,F,  is  not  the  only  cause  of  the 
current  entering  the  new  segment,  for  in  that  case  the  rate  of  rise  would 
be  the  same  for  all  currents.  The  resistance  of  brush  contact  in  the 
previous  segment  forces  the  current  into  the  new  one  with  an  E.M.F. 
which  increases  with  the  current,  and  hence  the  rate  of  rise  is  greater, 
the  larger  the  current.  In  Fig,  24  this  effect  is  small,  tiut  iu  Fig.  26  it 
is  the  principal  factor,  and  the  rate  of  rise  differs  markedly  for  the 
three  currents. 

Examining  the  next  parts,  it  is  notable  that  the  current  has  tvel  otvV^ 
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reached  its  maximum  before  the  full  contact,  but  1ms  even  begun  to 
fall  either  before  or  soon  after  full  contact  is  attained.  On  li^^bt  load 
there  is  an  excess  of  reversing  E.M.F.,  wliicU  causes  a  reverse  or 
circulating  current,  large  in  34  and  small  in  26.     In  the  former  it  is 
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Fio*  24.— Current  and  E.M*F.  in  Segment,  Brush  behind  Centre. 

dying  away  slowly,  as  the  coil  moves  out  of  the  field,  when  the 
diminishing  brush  area  cuts  it  off  abruptly,  with  a  corresponding  rise  in 
the  E.M,F.  curve.  With  35  and  45  amperes  the  current  does  not  rise 
again  to  any  appreciable  extent,  and  commutation  is  evidently  perfect. 
Owing  to  the  distortion  of  the  iiekl  by  the  larger  currents,  there  is  a 
slight  reversal  of  the  field,  causing  the  current  to  start  in  the  wrong 
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direction,  until  cut  off  by  the  brush  resistance.  The  phenomena  in 
Fig.  25  are  very  similar  on  n  reduced  scale.  In  fact,  up  to  half  (oad 
this  centraJ  position  of  the  br[ishcs  is  better  than  the  previous  one. 
Probably  an  intermediate  point  between  7  and  8  would  show  the  half- 
load  current  rising  again,  as  indicated  by  the  E*M.F, 


—Current  and  E.M*F.  in  Segment,  Brush  in  Neutral  I'osition, 


Fig.  26  shows  the  cflfect  of  insufficient  reversing  E.M.F,  at  first, 
which  docs  not  matter,  and  of  the  wrong  E.M.F,  at  the  end,  which  is 
more  important*  Without  this  E.M.F.  the  current  of  even  45  amperes 
would  evidcotry  have  risen  and  died  down  by  the  action  of  the  brush 
jC^t^tance  alone,  finishing  easily  by  the  end  of  the  contact.    It  va?,^  te 
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of  interest  to  say  that,  taking  i  as  the  half-time  of  contact,  and  R  as  the 
resistance  of  coil,  lug,  resistance,  and  brush  contact  (at  the  fuU),  the 
product  R/  is  twice  the  inductance  of  the  coil,  a  condition  which 
on  some  theories  of  commutation  should  insure  satisfactory  rcsultSi 
In  the  present  instance  the  E.M.F.  from  the  fringe  of  the  approaching 


Fig.  26.— Current  and  E.M.F.  in  Segment,  Brush  in  front  of  Centre- 
pole  keeps  np  the  current^  which   is  abruptly  brought  to  aero  by 
the  increasing  brush  resistance^  the  E.M.F.  rising  to  correspond. 

The  E.M*F,  curves  during  contact  show  that  this  varies  between  0*5 
and  rs  volts,  which  may  be  taken  as  abont  i  volt*  The  current  density 
is  about  90  amperes  per  square  inch  with  the  45*ampere  curves  wbcn 
there  is  full  or  nearly  full  contact,  rising  to  150  amperes  in  the  earlier 
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parts  of  the  curve,  This  corresponds  fairly  well  with  the  values  given 
ia  Part  Ltfor  the  brushes  resembled  the  S  quality,  and  this  value  is  for 
one  brush  only.  The  current  density  at  the  leading  edge  is  very  high, 
f^ing  rapidly  until  at  the  trailing  edge  it  ts  in  many  cases  zero  or  in 
the  reverse  direction.  But  over  the  first  third  of  the  brush,  where  most 
of  it  gets  through  J  the  density  is  fairly  uniform.  This  is  of  some  im- 
portance, for  Professor  Arnold  {he.  cit.)  has  shown  that  when  the 
current  varies  with  great  rapidity  the  ratio  of  instantaneous  E.M.F.  to 
current  is  nearly  constant,  and  he  applies  this  to  the  case  of  a  dynamr* 
brush.  Whatever  the  value  of  Hie  resistance  may  he  under  these  con* 
ditions,  it  does  not  apply  quite  so  strictly  to  the  case  of  a  brush  as  he 
asiumes.  Even  at  the  trailing  edge  with  a  reversed  current,  the  value 
will  not  fluctuate  very  much,  unless  the  brush  is  even  narrower  than  the 
one  used  here* 

It  will  he  noted  that  the  current  density  under  the  brush  is  little 
affected  by  the  circumferential  si/.e  of  the  brush.  The  whole  line 
current  pa&ses  through  the  leading  segment,  even  though  the  larger 
portion  of  the  brush  is  torching  the  segment  behind.  We  may  recall 
the  statement  made  in  Part  L,  that  excessive  brush  area  serves  no 
aseful  purpose,  and  we  see  that  the  case  is  really  stronger  against 
low  current  deu^ily  than  appeared  before.  For  the  anticipated 
decrease  in  the  E,M,F.  will  not  be  obtained,  while  tlic  idle  part  of  the 
brush  is  at  l>est  wasting  power  in  friction,  and  may  also  be  the  seat  of 
heavy  circulating  currents.  This  machine,  for  example,  in  these  tests 
is  taking  half  load  with  one-ninth  of  the  brush  surface  supplied  by  the 
makers,  arid  we  have  taken  it  up  to  two-thirds  of  full  load  with  a  single 
brush  of  one-eighteenth  of  the  full  brush  area  in  a  special  brush  holder, 
with  no  sparking  and  with  a  pressure  of  30  01.  per  square  inch.  The 
current  density  must  have  been  very  great,  and  possibly  this  extreme 
reduction  of  brush  area  was  not  economical,  but  it  is  instanced  to  show 
that  high  current  density  alone  will  not  cause  sparking.  In  fact,  it  will 
lend  to  increase  the  brush  resistance  effect  in  forced  commutation  at 
the  trailing  edge,  and  to  lower  the  sparking  E.M.F.  The  only  risk  lies 
in  overheating,  if  sparking  should  occur,  for  it  will  l>e  concentrated  over 
a  shorter  line  with  less  cooling  surface. 

The  curves  of  current  were  obtained  with  very  steady  readings, 
though  successive  tests  showed  some  irregularity  of  outline.  But  in 
spite  of  probable  changes  during  a  single  set  of  readings,  the  mean 
value  of  a  succession  of  waves  gives  a  height  closely  equal  to  the  line 
curreut.  The  cur\^es  of  E.M.F,  w^ere  not  so  reliable,  and  it  is  extremely 
pf^lxible  that  the  contact  resistance  at  any  one  point  under  the  brush 
will  fluctuate,  causing  a  corresponding  fluctuation  in  the  E.M.F,  There 
axe  scarcely  enough  points  for  accurate  plotting  of  the  tiends,  but  art 
iacrease  in  their  number  would  have  protracted  tlie  duration  0/  an 
experiment,  and  would  have  increased  the  probability  of  change  of 
conditions*  There  is  a  certain  uniformity  in  the  undulations  which 
tends  to  show  they  are  not  simple  irregularities,  but  an  analysis  of  the 
current  density  and  E.M.F.  at  each  point  would  not  be  safe. 
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While  the  results  of  these  last  tests  do  not  bring  out  any  new 
phenomenon  which  has  not  been,  or  could  not  be,  conjectured  before- 
handi  they  emphasise  the  fact  that  the  leading  edge  of  the  brush  h 
really  the  important  part  from  the  curre  tit  ^carrying  point  of  view,  and 
that  the  trailing  edge  should  be  reduced  to  its  narrowest  limits.  The 
leading  hnlf  should  be  of  the  best  and  most  heavily  graph  it  bed  carbon, 
and  possibly  the  metallic  impregnations  sometimes  used  would  be  stijl 
better.  But  the  irailinj^  half  ^should  have  a  much  higher  resistance, 
preferably  obeying  Ohm's  law  as  nearly  as  possible.  The  old  carlK>n- 
fronted  gaiuse  brashes  carry  out  this  idea,  but, a  single  composite  brush 
of  uniform  wearing  qualities  throughout  will  be  more  easily  appliedi 
and  will  require  Jess  attention*  There  is  no  need  for  several  lamina- 
tions^ for  these  circulating  currents  cannot  get  through  the  leading  part 
of  the  brush*  and  low  resistance  laminations  at  the  traihng  half  wdl  be 
harmful  The  liigh  resistance  at  the  trailing  edge  will  force  the  current 
to  the  new  segment  in  front,  which  is  all  that  is  required* 

The  second  point  to  which  attention  may  be  drawn  is  that  the 
brush  has  far  more  power  to  com  mutate  the  current  than  is  usually 
believed,  at  least  by  writers  on  dynamos,  A  low  inductance  is 
necessary,  but  a  uniform  high  contact  resistance  is  not  advantageous, 
for  while  it  hastens  the  fall  of  current  in  the  trailing  segment  it  also 
checks  the  rise  in  the  new  one.  A  reversing  E.M.F,  is  desirable,  but 
not  necessary ^  as  is  shown  by  Fig.  26^  where  commutation  takes  place 
without  its  aid,  and  it  must  be  noted  that,  while  the  machine  is  only  on 
half  load,  yet  it  is  working  with  only  one  brush  arm,  and  all  three  cot  Is 
are  commutated  at  once*  The  conclusions  drawn  from  the  curves  of 
sparking  E.M.F.  are  therefore  substantiated,  that  the  less  sb^ay  field 
there  is  the  more  safely  the  machine  will  connnntatc.  So  long  as  the 
armature  field  is  kept  away  from  the  short-circuited  coil,  the  strength 
of  the  main  field  may  be  reduced  to  any  Umits.  If  the  armature  coils 
ha%'^e  reasonably  small  inductance,  then  a  wide  interpolar  space^  a 
narrow  air-gap,  good  brush  holders  and  brushes  not  too  broad,  will 
hardly  fail  to  produce  sparkless  commutation  and  a  cool  commutator. 

In  conclusion,  we  wish  to  express  our  thanks  to  Mr,  W,  G.  Griffith 
and  to  Mr.  H.J.  Ireland  for  their  assistance  in  the  work  on  the  re- 
sistance of  brushes,  and  to  acknowledge  our  gratitude  to  the  Carnegie 
Trust  for  a  grairt  in  aid  of  this  research.  Their  bcstow^al  of  a  research 
scholarship  has  given  leisure  to  one  of  us  for  the  somewhat  laborious 
experimental  work  which  has  been  entailed,  and  the  machines  tised  in 
the  tests  form  part  of  the  new  equipment  of  Ihe  electrical  engineering 
laboratory  in  the  Heriot-Watt  College,  to  the  purchase  of  which  they 
subscribed  a  generous  portion* 

DtscussiON. 

Mr.  H.  A*  Mavok  :  This  investigalton  on  commutation  has  tjeen  much 
required.  We  have  here  not  only  a  very  careful  scientific  investigation 
of  the  subject,  but  we  are  presented  with  valuable  practical  results  in 
the  form  of  definite  advice*  I  think  1  may  say  from  practical  experience 
that  Professor  Baily's  conclusions  are  not  only  fully  justified  by  thg 
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eJtperimcnts  which  ha  has  c<irricd  out,  but  that  the  liypotheses  which   Wr.  u^vot* 
he  has  Jaid  down  iirc  quite  as  fully  established  by  experience  in  the  use 

of  machines.     It  has  long  been  evident  to  most  of  tis  that  the  empirical  ■ 

calculations  of  reactance  voltage  and  other  things  have  only  an  indirect  I 

tKfannj,;  on  commutation.     While  it  is  quite  true  that  we  can  calculate  ^H 

and  e^tabhsh  by  experimental  results  the  fact  that  a  high  reactance  ^H 

voltage  IS  es£ceedinj(iy  unfavourable  to  commutation,  it  is  also  true  that  ^H 

we  may  design  our  machines  with  everything  that  can  be  dei?ired  in  ^H 

the  way  of  satisfactory  cat cuhtt ions  as  to  the  reactance  voltage  and  yet  ^H 

Had  a  machine  which   is  quite  unworkable.    This  point  m  clearly  ^H 

brought  out  by  the  fact  that  most  designers  have  different  limits  for  ^H 

the  reactance  voltage  for  small  nxachines  and  large  ones.     Professor  ^H 

Baily  has  come  to  the  conclusion  that  while  we  must  always,  as  it  ^H 

were,  keep  the  question  of  reactive  voltage  at  the  top  of  our   heads,  ^^M 

what  wc  want  to  keep  at  our  (ingLT-tips  is  kiiowledj^e  of  the  effects  of  ^^M 

the  very  things  to  which  he   has  been  directing  our  attention.     One  ^H 

of  the  most  important  of  these  is  vibration  of  the  brush  on  the  com-  ^H 

mutator.      This  vibration    may  arise    from   many  causes^  from    the  ^H 

commutator  being  out  of  truth,  rough,  or  made  of  unsuitable  metah     I  ^H 

have  recently  come  to  this  conclusion  from  the  fact  that  there  is  now  ^H 

a  general  superstition  against  making  commutators  of  any  cast   metal  ^H 

because  of  the  risk  of  impuriLies  rendering  the  friction  inconstant  and  ^^M 

uncertain »     I  do  not   think    that   friction  in  itself   is    a  very  serious  ^H 

matter.     It  produces  vibration  and  brings  about  very  uncertain  results.  ^H 

Having  obtained  a  commutator  made  of  a  homogeneous  metal  whose  ^H 

properties  are  known  and  which  can  therefore  be  dealt  with  by  means  ^H 

of  a  suitable  brushy  we  are  again  face  to  face  with  the  condition  of  the  ^H 

syrface  of  that  material,  and  we  are  quite  aware  now  that  a  hard-drawn  ^H 

pure   copper  comuiutator  with  a   suitable  surface  may  become  very  ^H 

I  rouble  some  in  presence  of   certain  matters  which   may  accumulate  ^H 

whether  it  is  running  or  at  rest.     For  example,  the   dust   of  textile  ^H 

fabrics  Is  most  injurious  to  the  running  of  the  commutator.     In  that  ^H 

connection  the  well-known   empiric   use  of  paraffin  wax  and  such  ^H 

matters  referred  to   by   Professor   Baily   is  interesting  as  giving  an  ^H 

indication  that  lubrication  is  very  important*    After  having  considered  ^H 

Ihc  question  of  brush  resistance,  lubrication,  and  other  matters,  I  must  ^H 

confess  to  a  hankering  desire  to  go  back  from  the  carbon  brush  to  the  ^^M 

copper  brush*    We  know  how,  with  some  well  designed  old  machines  ^H 

with  copper  brushes,  the  loss  is  minimised  by  the  use  of  the  copper  ^H 

bfush,   and   how   it   is   possible   to    get   effective   lubrication   on   the  ^H 

commutator  by  the  mere  accidental  leakage  of  oil  on  it  which  occurs  ^H 

on  all  old  machincSi     We  can  sec  machines  that  have  been  in  use  for  ^H 

twenty  years  with  copper  brushes,  changing  loads,  and  all   the  vicis*  ^H 

yjjitiides   they  have  come   through,   with  the  commutator  in   perfect  ^H 

■Bpidition,     There  does  not  seem,  after  all,  to  be  any  trssential  reason  ^H 

Hiby  we  should  incur  the  loss  by  the  use  of  a  carbon  brush  at  all.  ^^ 

Mr.  W*  B.  Savkks  :  I  am  much  interested  to  hear  that  Mr,  Mavor   Mr.  saycrt. 

is  again  thinking  of  copper  brushes.    I  have  bad  the  experience  of  ^ 
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seeing  my  experiments  to  a  large  extent  extinguished  by  tbc  3d\*ent  of 
the  carbon  brush.  I  had  been  experimenting  at  Messrs,  MavcMT  & 
Coupon's  works  with  a  view  to  obt^xining  sparklers  commutation  with 
tixcd  brushes  by  means  of  varions  devices,  and  I  had  attained  a  certain 
arnount  of  success  in  that  directioti  when  the  carbon  brush  came  into 
the  field  and  seemed  to  do  very  easily  what  I  had  found  a  trouble&omc 
and  tiifitcnlt  thing.  However,  it  haiJ  long  since  become  clear  that  the 
carboti  hrush  is  not  the  complete  solution  of  the  matter  which  it  was 
said  at  first  to  be,  inasmuch  as  we  see  now  many  kinds  ol  com  mutating 
poles  and  similar  devices  being  introduced  which  were  said  by  ni;iny 
at  the  time  to  be  quite  unnecessary.  The  carboti  brush  is  said  to  do 
all  that  is  required.  r 

Mr.  J.  S.  Nicholson  :  The  paper  would  have  been  more  interesting 
and  instructive,  especially  to  those  who  have  had  an  opportunity  of 
carrying  out  similar  experiments,  if  diagrams  of  connections  and 
apparatus  had  also  been  given.  In  the  experimental  determination 
of  the  brush  contact  resistance  the  fall  of  potential  is  measured  across 
both  brushes.  The  experiment  would  probably  have  been  more  com- 
plete if,  in  addition  J  the  fall  of  potential  between  each  brush  and  the 
copper  di'mn  had  ali5o  been  nxeasured.  That  has  already  been  done  in 
previous  researches,  and  I  understand  that  the  fall  of  potential  is 
different  at  the  two  brushes. 

Mr*  E,  Lewis  Robi\-son  :  As  regards  Mr,  Nicholson's  remarks  about 
the  difference  in  the  volts  lost  between  the  commutator  and  the  positive 
and  negative  brushes  respectively,  experiments  have  been  carried  out, 
and  it  can  generally  be  taken  that  the  drop  is  tw^ice  as  large  at  the 
negative  compared  with  that  at  the  positive  brush*  This  can  be 
measured  by  using  an  ordinary  brush  insulated  from  t!»e  holder  and 
pressed  on  to  the  commutator  so  that  it  carries  no  current,  By  con- 
necting this  brush  and  the  arm  to  a  voltmeter,  the  lost  volts  can  be 
measured.  With  regard  to  paraffin  wax^  care  should  be  taken  in  using 
this  on  commutators.  If  the  commutator  is  hot  the  wax  immediately 
disappears  ;  again ^  if  the  commutator  is  at  a  temperature  lower  than 
the  melting-point  of  the  wax,  the  comnnUaior  becomes  sticky,  the 
contact  resistance  goes  up»  the  brushes  chatter,  and  sparking  results. 

Mr.  A.  H*  Kelsali.  ;  With  regard  to  the  last  curves  showing  the 
rapidity  with  which  the  current  is  transferred  from  the  "leaving" 
commutator  segment  to  the  *"  making "  commutator  segment,  I  have 
been  wondering  whether  Professor  Baily  eliminated  the  possibility  of 
error  due  to  microscopic  differences  in  the  level  of  the  liars,  seeing 
that  he  was  working  with  only  three  bars  fitted  with  resistances  and 
taking  his  readings  on  the  centre  one.  Differences  of  level  must  enter 
enormously  into  the  question,  and  Professor  Baily  has  already  obtained 
some  results  showing  a  tendency  to  vibrate*  I  suppose  I  am  right  in 
concluding  that  Professor  Baily  is  distinctly  in  favour  of  high  densities, 
and  I  am  wondering  whether  there  is  any  special  reason  why  he  did 
not  go  beyond  the  60  amperes  in  his  density  experiments,  I  would  have 
liked  to  have  seen  the  curves  traced  out  for  higher  densities.    In  the 
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case  of  the  curv'es  where  the  pressure  seems  to  be  ample  for  vibratioiij  Mf-  Kclial] 
the  curve  is  still  dropping  rapidly  at  60  amperes.  With  regard  lo  Pro- 
fessor Baily's  figures  for  friction  for  different  makes  of  brushes  and 
holders^  it  would  be  interesting  to  know  whether  these  are  all  of  the 
type  known  as  the  box-type  holderp  or  whether  any  of  them  are  of  the 
hammer  type.  1  think  f^rofessor  Baily^  a  couple  of  years  ago^  expressed 
a  preference  for  the  hammer  type,  and  I  should  be  interested  to  know 
whether  these  recent  experiments  have  modified  Iiis  opinion  on  that 
point  or  not.  For  instance,  the  pressure  on  these  brushes,  from  which 
the  coefllicient  of  friction  was  determined,  is,  I  suppose,  the  measured 
prc^sstire  due  to  the  spring,  but  in  hammer-type  brushes  the  friction 
itself  has  a  tendency  to  increase  or  reduce  the  acttial  pressure  bctw*een 
the  brush  and  the  commutator,  according  to  the  direction  of  rotation, 
and  whether  the  tangent  passes  between  the  fulcrum  and  the  com- 
imitator  or  outside  the  fulcrum.  In  some  types  of  brushes  I  believe 
that  this  augmentation  or  reduction  of  the  actual  pressure  is  quite  an 
important  feature.  I  think  also  that  there  is  some  question  as  to  the 
distribution  of  pressure  over  the  surface  of  the  brush,  so  that  a  tangent 
at  the  centre  of  the  arc  of  contact  may  not  be  the  mean  effective 
laiif*ent. 

Dr.],  T.  Bottom  LEV  (commifftkaUtf)  :  The  first  subject  dealt  with 
in  the  paper  is  contact  resistance  and  the  effect  of  lubrication*  This 
is  a  most  interesting  inquiry,  but  I  wish  that  the  experiments  had  been 
more  judiciously  planned  out,  so  as  to  obtain  the  maximum  of  informa- 
lion*  and  guidance  towards  some  sort  of  laws,  if  these  arc  to  be  found* 
The  pressures,  which,  by  the  way»  arc  measured  in  a  quite  unrecog- 
ni^^ed  unit,  in  ounces  ^what  sort  of  ounce  is  not  stated) ,  are  said  to  range 
from  7  oz,  to  46  oz.,  but  the  numbers  chosen  were  7,  12,  l%  and  46. 
I  can  think  of  no  relation  between  these  numbers,  and  if  we  look  at  the 
curves,  they  are  spaced  so  irregularly,  and  in  a  manner  so  peculiar, 
that  one  can  scarcely  help  thinking  that  there  must  be  some  factor 
concerned  in  the  result  which  has  not  lieen  taken  into  account.  Let 
vts  compare,  for  instance,  the  spctds  1,430  and  3,300  feet  per  minute. 
and  note  the  rise  in  pressure  from  46  oz.  to  24  oz.  at  the  two  speeds 
and  that  from  18  to  7,  at  1,430,  and  18  to  12,  and  12  to  7  oje.,  at 
3,300  feet  per  minute.  Further,  the  speeds  chosen  for  experimenting 
have  no  simple  relation  with  each  other*  It  seems  to  me  that  it  would 
have  been  much  more  instructive  had  the  pressures  and  speeds  been 
raided*  in  the  successive  experiments,  either  by  successive  equal  incre- 
ments or  else  by  successive  doublings.  In  spite  of  the  difficulties  thus 
totroduccd,  and  in  spite  of  the  great  difficulties  of  the  inqniry,  the 
authors  have  obtained  results  which  are  wonderfully  concordant-  The 
gist  of  these  is  given  in  Table  I.,  and  in  an  empirical  formuhi  con- 
necting electromotive  force,  current^  and  pressure.  It  is  here  that  the 
inconvenience  of  having  the  pressure  expressed  in  ounces  presents 
itself  tn  an  unfortunate  way.  The  results  obtained  with  lubricated 
brushes  are  highly  interesting*  It  is  not^  perhaps,  quite  generally 
known  that   even  in  the   case  of   the  plugs  of  a  resistance  box  the 
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resistance  at   the  plD^  is  aaarkedly  reduced  if  the  plugs  are  thmly 

smeared  with  light  paralBn  oil,  [  tielieve  this  was  first  pointt^d  out 
by  the  President  of  the  Institution,  Dr.  Glazebrook,  who  found  tliii 
to  be  the  case  in  the  course  of  his  work  at  Cambridge  and  at  the 
National  Physical  LalKiratory.  Probably  tlie  paraffin  helps  to  clear 
away  the  film  of  air  which  invariably  covers  the  brass  surfaces,  no 
matter  what  trouble  is  taken,  by  pressing  the  plug^  into  the  bolc^^*  to 
get  rid  of  it.  The  (ilni  of  paraffin  is  more  easily  pressed  aside  from 
i>etwcen  the  brass  surfaces  which  come  in  contact  than  the  corre- 
sponding film  of  air.  In  any  case,  the  result  is  certain,  a  fact  which  1 
have  verified.  At  the  same  time  I  must  say  thai  my  experience  h 
altogether  against  lubricated  brushes.  The  copper,  or  other  metal,  of 
the  commutator  segments  does  not  and  cannot  wear  down  at  exactly 
the  same  rate  as  the  mica  w^hich  insulates  the  segments,  and  the  mica 
gets  wetted  by  the  lubricar»t.  The  particles  of  metal  or  carbon  from 
the  brushes  tend  to  stick  to  the  mica^  instead  of  being  blown  aw^ay,  as 
is  the  ease  when  the  surface  of  the  commutator  is  quite  dry,  and  a 
tendency  to  spark  is  the  invariable  result.  The  results  of  the  authors 
with  regard  to  commutating  poles  seem  to  me  to  be  of  considerabla 
value.  It  is  to  be  hoped  that  they  will  be  able  lo  posh  this  w^ork 
further,  and  w*ith  the  assistance  of  other  types  of  machine.  Sufficient 
experimenting  has  not,  up  to  the  present,  been  carried  out  to  warrant 
safe  generalisation* 

Professor  Baily  {in  f^piy)  :  It  has  been  pointed  out  by  Mr.  Mavor 
that  a  large  machine  can  be  made  tocommutate  smoothly  under  a  higher 
reactance  voltage  than  would  he  safe  with  a  small  one,  and  possibly 
the  reason  may  be  obtained  in  our  paper.  For  while  the  air-gap  and 
the  magnetomotive  force  in  it  are  not  much  greater  than  in  the  small 
machine^  the  linear  interpolar  distance  is  considerably  larger,  and 
hence  the  stray  field  at  the  coils  under  the  brushes  is  smaller*  There- 
fore, when  running  with  fixed  brushes  the  sparking  E.M.F,  does  not 
rise  above  a  moderate  value,  and  the  brush  resistance  alone  is  capable 
of  checking  the  current,  even  against  a  high  reactance.  Considerably 
smaller  air-gaps,  similar  to  those  of  iJiduction  motors,  might  be  used 
with  advantage,  and  with  no  increase  in  exciting  current  a  pole  shoe  of 
less  breadth  would  then  be  possible.  At  the  same  time  sparking  is  a 
phenomenon  not  always  easy  to  explain,  nor  is  it  due  to  a  single  cause. 
As  an  instance  a  particular  motor  was  made  with  a  commutator  of  cast 
copper,  which  on  test  ran  without  any  sparking.  But  after  a  continuous 
run  of  some  twenty-four  hours  it  would  begin  to  spark  violently.  The 
commutator  was  changed  and  the  trouble  disappeared.  Some  small 
difference  in  the  surface  may  be  the  only  variant  between  a  good 
machine  and  an  obviously  bad  one. 

Mr.  Mavor  has  a  tenderness  toward  the  old  copper  brush,  and, 
indeed,  for  low  electromotive  forces  the  losses  in  carbon  brushes  may 
rise  to  extravagant  values  for  resistance  and  friction.  But  for  anything 
like  400  or  500  volts  the  loss  is  not  important,  and  the  advantages  are 
great*    It  must  be  remembered  that  not  only  is  the  reactance  of  a  coil 
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in  a  slot  htgb,  but  in  cases  where  there  are  more  commutator  segments  Profesaor 
than  slots,  two  or  more  adjacent  coils  lie  in  the  same  slot^  and  it  is  not        ^' 
possibic  to  give  a  correct  position  to  the  brushes  such  as  would  be  re* 
paired  on  the  ordinary  theory  of  current  reversal  by  an  induced  E,M,F. 
Hence  there  must  be  a  good  deal  of  forcing,  or  trust  ui  brush  rcsistancei 
however  carefully  the  brushes  are  adjustudj  and  the  gaus^c  brush  will 
not  be  working  under  the  conditions  possible  in  smooth-cored  machines. 
Even  with  commutating  pok^s  a  very  nice  adjustment  of  field  will  bo 
necessary.     For  example^  in  our  tests  on  the  15-H.P,  motor,  we  found 
that  the  thiee  coils  in  one  slot  produced  markedly  different  sparking 
E.M.Fm  and   the  increase  in  circulating  currents  and  sparking  was 
ab&rming  when  gauze  brushes  were  used.    It  is  possible  to  use  fixed 
gl^itxe  brushes  under  suitable  conditions,  for  the  motors  made  in  14^91 
for  the  City  and  South  LrOndon   Railway  locomotives  ran  with  fixed 
central  brushes  under  a  speed  variation  of  r$  to  1  with  full  load  and 
practically  no  s pairing.     But  the  speed  was  low  and  the  field  magnets 
*ery  powerful,  so  Ihat  the  distortion  was  small,  while  the  armatures 
had  smooth  cores  and  only  one  turn  per  segment.    The  E.NLF.  set  up 
in  the  coil  w^ould  be  very  small,  and  with  so  small  an  inductance  the 
current  would  be  broken  quietly*     But  they  w^ere  not  cheap  machines* 
The  question  has  boL^n  raised  whether  there  is  a  difference  between 
the  drop  of  potential  at  the  positive  and   that   at  the  negative  brush* 
Beyond  noting  that  there  is  a  diiference,  we  did  not  purstic  the  suliject, 
for   the   difference  appeared   to   be   probably  due  to  thermo-electric 
forces  between  the  surfaces  of  copper  and  carbon,  and  as  the  temper* 
ature  of  the  carbon  surface  was  likely  to  be  variable,  it  was  considered 
preferable  to  chminate  the  effect  by  reading  across  both  brushes.    Pro- 
fessor Arnold,  he,  cit,,  has  examined  this  matter  more  fully.    The  method 
d  testing  this  and  the  drop  of  E.M.F*  generallyt  which  was  proposed 
in  the  discussion,  viz.,  to  tit  an  insulated  brush  by  the  side  of  a  working 
brush*  with  a  voltmeter  between,  does  not  yield  very  definite  informa- 
tion when  used  on  a  commutator,  for  as  the  current  density  in  each 
part  of  the  brush  varies  at  different  times  when  a  segment  passes  undcri 
the  resulting  E,M,F.  refers  only  to  an  average  value  of  the  current. 
But  it  is  a  useful  practical  test.     We  tried  taking  readings  between  the 
brush  and  a  point  contact  pressed  against  the  commutator,  placing  it  at 
the  centre  and  near  the  two  edges  of  the  brush.    But  the  values,  though 
quite  definite  and  regular,  had  no  very  definite  meaning,  since  they 
aJFTorded  only  an  average  over  the  whole  segment  breadth,  and   we 
accordingly  arranged   the   more   troublesome  contact-maker   method. 
Some  surprise  has  been  expressed  at  the  very  trilling  amount  of 
increase  of  E.M.F.  produced  by  a  lubricant,  and  we  certainly  antici- 
pated quite  different  results.    Without  proper  care,  however,  a  lubricant 
may  cause  a  good  deal  of  trouble,  and  its  use  is  more  adapted  to  central 
station  dynamos  than  to  small  motors  which  receive  little  attention,    1 
am  inforrocd  that  carbon  brushes  boiled  in  paraffin  give  good  results, 
biat  I  have  not  tried  them. 

In  reply  to  Mr.  Kelsall's  question,  wc  did  not  experiment  on  more 
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than  one  segment.  The  surface  of  the  commutator  was  quite  smooth. 
and  we  had  no  reason  to  suspect  any  irregularity.  H  there  had  been 
any  depression  or  undue  elevation  of  tlie  segment  in  question^  the 
effects  would  have  destroyed  all  hope  of  consistency  in  our  readings. 
It  would  ha%'c  been  impossible  to  put  resistances  in  all  the  lu^s,  because 
there  was  not  room  for  them  ;  hut  it  would  have  made  no  difference  to 
the  current  values  in  the  segments  under  the  brush  at  the  instant  of 
taking  a  reading.  All  of  these  kigs  had  resistances,  and  the  reading 
ceased  until  they  came  round  again. 

Wc  have  been  criticised  for  limiting  the  current  density  to 
60  amperes  per  square  inch  in  the  first  part  of  the  paper^  and  cer- 
tainly, if  the  last  part  had  been  done  firsts  we  should  have  carried  the 
values  higher.  At  the  time  I  thought  60  amperes  a  liberal  allowance, 
and  was  pleased  to  Bnd  it  a  safe  vahte.  But  in  reality  the  current  density 
was  much  hij^her  on  occasions,  for  the  bedding  of  the  brush  w^as  not 
always  perfect  In  the  tests  on  S  carbons,  undertaken  quite  recently* 
the  densities  were  increased,  and  no  change  of  behaviour  could  be 
detected.  The  brush  holders  were  chosen  in  order  to  eUminate 
vibration  as  much  as  possible,  for  vibration^  although  a  very  usual 
concomitant,  is  too  variable  to  yield  comparative  and  consistent 
results.  The  plain  butt  brush  represents  also  a  I  urge  class  of  com- 
mercial patterns,  though  I  believe  it  to  be  inferior  to  the  hammer  type, 
in  that  the  latter  preserves  a  much  superior  bedding.  The  butt  brush 
had  for  our  purpose  the  additional  advantage  tliat  the  pressure  was 
definite,  and  was  not  influenced  by  any  frictional  tangential  force, 
whereas  with  hammer  or  arm  holders  there  is  usually  a  component 
tending  to  modify  the  pressure  unless  the  brush  arm  is  exactly  at  the 
correct  angle, 

Dr*  Bottom  ley  asks  upon  what  principle  the  increase  of  speed 
values  was  chosen.  In  the  tests  with  butt  brushes,  Fig.  i,  he  will 
find  that  each  successive  speed  is  about  50  per  cent,  greater  than  the 
preceding.  In  Fig.  5  a  very  low  speed  was  substituted  al  the  begin- 
ning to  make  sure  of  freedom  from  vibration,  and  the  speed  was  then 
increased  until  some  effect  was  noticed,  subsequent  increase  being 
rather  less  than  50  per  cent,  each  time.  But  in  choice  of  both  speeds 
and  pressures  we  endeavoured  to  make  such  increase  as  would  bring 
about  a  readable,  but  not  too  great  change  in  the  function  sought*  In 
Fig.  I  he  has  not  taken  the  meaning  of  the  sets  of  curves.  The  spacing 
increases  in  each  successive  set,  owing  lo  the  increase  of  speed,  and  as 
the  brush  pressure  rises,  the  influence  of  vibration  comes  into  play 
only  at  higher  speeds.     Our  unit  of  pressure  was  the  ounce  mmrdupois. 

No  examples  of  the  Morgan ite  brush  were  examined.  The  manu- 
facturers  have  made  similar  tests  themselves^  as  they  have  informed 
me  since  the  reading  of  this  paper,  the  results  of  which  arc  tn 
general  agreement  with  ours.  There  is  undoubtedly  much  to  be 
done  in  the  comparison  of  different  brushes,  particularly  under 
working  conditions,  !.<?,,  commutating  a  current ;  but  the  investiga- 
tion  will    be  extremely    laborious,  for    the    difficulty    of    obtaining 
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consistent  results  and  satisfactory  bedding  is  extraordinary.  If  I  am 
able  to  extend  these  experiments  I  nhaU  adopt  some  form  of  hammer 
brush,  and  shall  use  small  areas  of  contact  to  liasten  the  wearing- 
down  process  and  to  retain  it  whun  obtained.  It  may  be  pointed  out 
now,  howeverj  that  the  specific  resistance  of  a  brush,  so  fiu^  as  we  have 
gone,  seems  to  exert  small  influence  on  the  contact  resistance.  Thus 
the  specific  resistances  of  Morganite  brushes,  Lc  Carbone  X,  and  Le 
Carbone  S,  are  roughly  in  the  ratio  ij  3,  9^  while  their  contact  E*M,F.'s 
at  60  amperes  per  square  inch  are  about  I'z,  r^,  r6j  and  even  this 
diiference  is  partly  accounted  for  by  the  resistance  of  the  short  length 
of  carbon  between  the  surface  and  the  potential  contact*  This  is  sug- 
gestible, but  requires  more  examination  before  any  conclusion  can  be 
drawn.  I  am  inclined  to  beheve  that  the  mechanical  qualities  of  a 
brush*  such  as  a  low  friction  coeflicicnt  and  freedom  from  chaltering, 
are  more  important  than  its  resistancCj  as  brushes  are  made  at  present, 
A0d  more  important  than  the  lirush  is  the  brush  holder  ;  but  this  w-e 
|ve  skdvocated  at  ample  length  in  the  paper  itself. 
We  wish  to  express  our  appreciation  of  the  interest  which  the 
seel  ion  has  displayed  in  the  subject,  and  in  closing  we  have  pleasure 
in  referring  to  the  benefit  to  science  that  is  conferred  by  the  Carnegie 
Trust  through  their  research  studentships  and  scholarships,  and  to 
CJEpress  a  hope  that  a  not  inconsiderable  portion  of  these  will  be 
devoted  to  researches  in  the  problems  of  applied  science.  Those 
who  are  occupied  in  teaching  a  subject  which  is  perpetually  changing, 
and  who  desire  not  only  to  keep  abreast  of  its  scientific  developments, 
but  also  to  keep  in  touch  with  its  commercial  applications,  can  find 
little  leisure  for  continuous  experimental  work,  and  to  such  an  one  the 
co-operation  of  one  who  can  devote  the  whole  of  his  time  to  a  piece 
of  work  is  invaluable^ 
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THE   ANALYSIS   OF  THE    MAGNETIC  LEAKAGES 
IN    INDUCTION   MOTORS, 

By  Arthur  Baker,  Whit  Sch,,  and  John  T.  Irwin, 
Associates. 

There  is  still  a  considerable  amount  of  uncertainty  as  to  the  proper 
value  to  be  assigned  to  the  leatcagc  factor  in  the  design  of  induction 
mot  or  s^  even  taking  into  consideration  Dr.  Behn-Eschcnburg's  valuable 
paper,*  The  experiments  herein  described  were  undertaken  with  a 
view  to  check  his  results  by  entirely  different  methods,  and»  if  possible, 
to  arrive  at  new  nfiethods  of  separating  out  the  various  components 
which  go  to  make  up  the  leakage  factor.  The  experiments  were 
carried  out  at  the  Central  Te clinical  College,  and,  of  course,  it  wa.s 
impossible  to  get  such  a  variety  of  machines  as  Dr.  Bchn-Eschenburg 
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had ;  but,  on  the  other  band,  some  of  the  measurements  made  would 
be  applicable  only  in  a  laboratory. 

Descripiion  of  Expcrimmial  Appamtus^^ln  the  ordinary  inductioii 
motor  it  is  impossible  to  vary  the  air-gap  without  altering  the  openings 
of  the  slots,  and^  of  course,  altering  the  magnetic  leakage  conditions. 

In  order  to  overcome  this  difficulty  in  the  present  case  the  cjiperi* 
mental  motor  or  transformer  was  made  with  the  tips  of  the  teeth  in 
both  stator  and  rotor  in  one  plane,  Lt,^  as  if  a  2 -pole  motor  were 
*  ^^}itmat  inititalion  of  Ekchicai  Ettginters,  voL  J|,  1904,  p.  ^39. 
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developed  out  flat.  The  nir-gap  was  made  and  adjusted  by  projections 
at  the  €nd5  of  one  set  of  stampings  butting  against  the  flat  surfaces  of 
the  other  set  as  shown  on  Fig*  i.  By  fihng  these  projections  any 
desired  air-gap  under  1*5  mm.  could  he  obtained  (a  greater  air*gap 
could  be  obtained  hy  inserting  a  distance -piece  of  any  non-conducting 
triaterialK  In  order  to  measure  the  leakage  tliat  takes  place  across  the 
slots,  the  windings  in  both  the  stator  and  the  rotor  were  arranged  in 
two  port  ions,  i.c^  the  conductors  in  the  bottom  half  of  the  slot  were 
insulated  from  those  in  the  half  of  the  slot  nearer  the  air-gap^  the 
terminals  of  each  set  of  windings  lieing  brought  out  to  separate 
terminals. 

Although  the  apparatus  is  really  a  transformer,  we  shall  speak  of  it 
as  a  motor  having  a  stator  and  rotor^  so  as  not  to  confuse  the  subject  by 
the  introduction  of  the  terms  primary  and  secondary  circuits^  especially 
as  in  some  of  the  tests  each  winding  in  turn  i:^  used  as  the  primary^* 
The  motor  ivas  designed  for  3-phase  working,  and  the  number  of 
pole  pitches  was  tw*o,  so  as  to  make  the  reluctance  of  the  circuit 
practically  independent  of  the  reluctance  of  (he  two  supporting  pieces* 
The  motor  was  excited  from  a  rotary  converter,  which  gives  practically 
a  s-ine  wave  of  E.M*F.  The  D.C.  side  was  supplied  at  :2oo  volts,  and 
the  voltage  on  the  ApC,  side  between  the  3-phase  slip-rings  was 
about  J  22,  It  is  known  that  the  leakage  factor  varies  with  the  shape 
of  the  wave  of  E.M.F.,  and  it  was  therefore  necessary  to  carry  out  the 
tests  under  properly  specified  conditions. 

The  symbols  used  are  the  same  as  those  used  in  Dr.  Behn-Eschen- 
burg's  paper,  and  the  more  important  are  here  given  : — 

Ei  ^  E.M,F,  per  phase  per  pole. 

f  ^frequency. 

f  ^air-gap  in  ems. 

b  =  axial  length  of  core-body  in  cms, 

T  ^  pole  pitcL 

X  =  mean  width  of  opening  of  slots  in  cms. 

n  ^  number  of  conductors  per  phase. 

H,  ^  number  of  conductors  per  slot. 

N  =  the  mean  of  the  number  of  primary  and  secondary  slots 

per  pole  pitch. 

B  ==  maximum  density  in  lines  per  sq.  cm.  in  the  air-gap. 

f  ^  main  flux, 
fh  ftktt     ^  leakage  Hux,  slot  flux,  etc, 

D,  =  depth  of  slot, 

W,  3=  width  of  slot. 

C^  s=  magnetising  current. 

Cv  =5  full  load  current, 

r  ^  leakage  factor. 

The  motor  was  designed,  made,  and  wound  at  the  College.  The 
nds  of  skil  the  phases  were  taken  to  a  common  terminal  board  screwed 
'  to  the  end  plates,  the  wkcs  being  led  in  through  holes  at  the  top 
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and  the  bottom  of  the  board  and  fixed  inside*  It  is  evident  that 
in  winding  a  j-pha^ic  motor  developed  out  fliit  as  described  the 
windings  will  not  be  iiyninietrical  with  regard  to  each  other,  and  that 
the  wires  forming  the  end  connections  of  the  three  phases  must  cross 
one  another  in  the  centre,  and  hence  a  good  deal  of  overlapping 
necessarily  occurs.  The  end  connections  of  the  central  phase  were 
turned  well  back  on  the  end  plates  in  order  that  the  last  phase  wound 
might  not  have  to  project  too  far.  This  arrangement^  of  course,  had  the 
disadvantage  that  the  lengths  of  wire  for  the  three  phases  were  diflerenl, 
and,  of  courscj  the  self-induction  of  each  pha:^e  was  sliglitly  differentj 
and  the  mutual  induction  between  the  end  connections  of  the  phases 
varied  considerably  owing  to  the  arrangement  of  the  end  connections. 
Great  care  was  taken  to  get  the  air-gap  uniform  o%'er  the  whole  sitr* 
face,  the  measurements  being  made  in  several  places  by  the  aid  of 
feelers  and  a  stout  straight-edge  before  coupling  together  and  a^ain 
checked  with  feelers  when  ready  for  experimenting. 

There  was  never  a  greater  variation  in  different  parts  of  the  gap 
than  o"05  mm,,  the  mean  of  eight  readings  always  being  taken,  the 
accuracy  of  the  feelers  being  afterwards  checked  with  a  micrometer 
screw. 

When  delta-connected  and  with  a  voltage  of  122  across  the  mains 
the  maximum  induction  in  the  air-gap  was  as  follows  : — 

Frequency 

Maximum  induction 


Pole  pitches ,, 

Slots  per  pole  pitch  per  phase     , 
Conductors  per  slot 
Ck>nductors  per  pole  per  phase    . 

Width  of  slot  in  cms 

Depth  of  slot  in  cms. 
Opening  of  slot  in  cms.     *., 

Width  of  tooth  in  cms 

Thickness  of  iron  above  slot 
Mean  resistance  per  phase  » 

Air*gap  in  cms.  (to  commence)  . 
Pole  pitch  in  cms. 
Breadth  axial ly  in  cms. 
Width  of  end  contact  surfaces     . 

Th€or£iicaI  Consiticraimns. — In  the  first  place  it  was  thought  that  the 
leakage  across  the  slots  might  be  an  appreciable  factor,  and  if  this 
turned  out  to  be  the  case,  then  there  would  have  to  be  a  further  term 
added  to  Dr,  Behn- Esc  hen  burg's  formula— 
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This  would  increase  the  theort'lical  value  obtained  by  its  use,  for  it  will 
be  observed  by  reference  to  his  paper  that  the  values  given  by  the 
existing  three  factors  were  practically  always  too  low,  the  average  dis- 
crepancy for  thirty4hi:ee  motors  experimented  on  being  as  much  as 
23 '4  per  cent.  Again^  in  the  atjovc  formula,  the  winding  ot  zigzag 
coeflicient  also  seems  too  low,  for  in  itu  determination  the  mean  value 
was  assumed  to  be  one -half  the  maximum. 

Dr.    Be  hn- Esc  hen  burg  himself  drew  attention  to  this  faci,  and 

Mr,  Hobart  thought  that  in  some  cases,  as  the  minimum  wjis  nefer 

6 
jEcro,  this  winding  coefficient  ought  to  be  doubled,  making  it  ^^ 

In  what  follows  it  will  be  shown  that  the  best  value  is  about  -  of 

3 

Dr*  Behn- Esc  hen  burg's  coefficient,  making  it  ~-^, 

Shi  Lmkagi, — The  conductors  can  be  assumed,  especially  in  low- 
tension  machines  of  small  output,  to  be  equally  distributed  atong  the 
depth  of  the  slot*  In  this  case  we  have  the  M,M,F,  across  the  slot 
varying  directly  as  the  distance  from  the  bottom  of  the  slot,  and  as  the 


FiG.  3. 

reluctance  is  practically  that  of  the  slot  itself,  the  flux  density  varies 
from  zero  at  the  bottom  to  a  maximum  at  the  tip  of  the  slot.    Let 
«,  ==  No*  of  conductors  per  slot,  N  =£  No.  of  slots  per  pole  pitch, 
ff .  slot  ^  total  leakage  across  slot. 
Vol,  m.  13 
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Figs.  2  and  3  show  how  the  leakage  flux  varies  along  the  dej>th  < 

the  slot. 

The  total  E.M.F,  generated  by  the  leakage  flux  in  one  slot 

=  4.4./\f^.^,.J.  Jo-«. 

To  confirm  thi^  experimentally,  the  winding  in  the  slots  was 
arranged  in  two  halves  as  mentioned  above^  and  the  only  w*ay  to 
measure  the  slot  leakage  was  by  observing  the  difference  in  voltage 
across  the  two  halves  when  the  same  alternating  current  is  sent  through 
the  two  in  series.  The  E.M.F.  generated  by  the  flnx  that  cuts  the  half 
nearer  the  air-gap 

The  E.M,F.  generated  by  the  flux  cutting  the  half  at  the  bottom  of 
the  slot 


=  4.4./, 


n. 


Hi  trs-^  . 


n^ 


4  24 


=  4 . 4/,  — ^'  10-^, 

The  difference  of  voltage  between  the  two  halves  wliich  can  be 
observed  expert  men  tally 

^  E  balicHn  —    E  i,ip  :^  4  -  4/    '■   ~^    '*^      f 

which  is  seen  to  be  f  of  the  total  voltage  generated  by  the  slot  leakage. 
The  maximum  M*M-F,  due  to  a  magnetising  current  C^  in  the 
windings  ==  €„  ^2  » 4  a-  ;ij. 

Maximum  density  =    "^^"^^"^ 

Total  Hux  per  slot  =  i  ^^^^^'^^  p,  t. 
/.Total  KM.F.  leakage  per  slot 

^4-4^/-'.{i^-^^^a.}iio- 

In  a  3-phase  machine  total  E.M,F.  leakage  per  pole  pitch 

b  !0- 


D        N 


(0 


The  total  E.M.F.  generated  per  phase  in  a  3-phase  motor  per 
pole  pitch 

=  2,22,S.T./.«,6B-   TO-*, 

B  =  Va  Cn  »,  N  X  .  4  IT 
3  J 
E.M.F.^i.a2(j).T./.».6[^^^'"'f^'igy)|,o^. 
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The  ratio  of  the  E.M.F.  due  to  ijlot  leakage  to  that  due  to  main  flux 

— f>.,  the  ratio  of  the  E.M.F.  due  to  slot  leakage  to  the  total  E.M.F. 

generated  is  equal  to  3,67p-W~vj  ,  where  3  is  the  equwaknl  air-gap, 

E  slot  leakage      L  — M         i    *'    .  .*       *i      11^     *    t 
.%  Since p  .   ,  Y      =  — T^'  neglectio^J  tht;  other  leakages  m  L, 


E  slot  leakage 

^        Etotai        ~^ 


(2) 


where  ^r;^  portion  of  total  leakage  coeflicient  due  to  leakage  of  lines 
across  the  :^lot* 

Where  the  voltage  is  high  and  the  output  of  the  machine  smallj 
the  conductors,  owing  to  the  high  slot  iusulation,  instead  of  Ik? lag 
Qniformly  distributed  along  the  depth  of  the  slot,  will  more  nearly 
approach  the  case  of  a  bunch  of  conductors  concentrated  at  the 
middle  of  the  slot.  In  this  case  it  can  be  easily  shown  that  the  value 
of  the  leakage  coefficient,  which  depends  on  the  slot  leakage,  becomes 
approxi  mately^ — 

•j*  ^   ^*5    llf '       TLT        ^r 

*  Wj » N  »  i  i 


\ 


On  the  other  hand,  when  the  voltage  is  low  and  there  is  only  one 
conductor  per  slot,  and  that  very  lightly  insulated,  as  in  a  squirrel-cage 
rotor,  or  where  the  machine  is  of  such  a  large  size  that  there  is  only 
one  conductor  per  slot,  then  the  slot  leakage  will  produce  unequal 
distribution  of  current  in  the  conductor,  tending  to  make  the  total 
ilot  leakage  less,  and  the  voltage  at  the  terminals  of  the  conductor  due 
to  leakage  might  be  taken  as  half  the  mean  of  what  would  be  induced 
per  conductor  if  a  large  number  of  conductors  were  placed  in  the 
slot.     In  this  case— 

3.6 


ff#^  = 


W,,N.T 


It  cannot  be  greater  than  this,  since  there  is  a  reduction  of  the 
total  leakage,  and  also  since  there  Is  now  a  greater  ohmic  drop  in  the 
conductor,  part  of  the  P.D.  due  to  leakage  across  the  conductor  should 
now  be  taken  as  an  additional  C.R.  drop. 

Zigzag  Leakage  ar  Winding  Coefficient, — It  is  very  difficult  to  obtain 
an  expression  mathematically  for  the  zig^^^ag  leakage.  It  has  so  far 
been  determined  by  observations  on  motors  differing  in  certain 
particulars.  Dr.  Behn-Eschenburg  obtained  an  expression  for  it  by 
olsserving  the  variation  of  the  leakage  factor,  {a)  when  the  number  of 
poles  on  the  same  motor  was  varied  ;  (b)  when  the  number  of  slots 
per  pole  pitch  was  varied,  all  other  dimensions  remaining  the  same. 

It  is  very  easy  to  see»  however,  w*hat  the  ratio  of  the  average  to 
the  maximum  zig^^g  will  be  hy  considering  one  tooth,  say,  in  the 
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rotor  bridging  a  slot  in  the  stator,  as  shown  in  Fig.  4,  and  assuming 
the  rotor  and  stator  to  have  the  same  number  of  teeth.     Let  tr  be  the 


-^ 


w 


Fig.  4. 

width  of  a  tooth.    Then  when  the  rotor  tooth  is  opposite  the  stator 
tooth,  as  shown  in  Fig.  4,  the  leakage  flux— 

0/=K 


2+ J.      4 
w_      JV 

Now  suppose  the  rotor  tooth  to  move  over  a  distance  x,  leakage 
flux 

_j «•*  —  4  A-» 

w  ,  ^     w 


=  K- 


2  2 


Average  leakage  when  rotor  moves  over  a  distance  — 
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Deknuintttion  of  ik£  Zigzag  Ltakagc, — It  is  always  possible  to  deter- 
mine  the  zigzag  leakage  on  a  finished  machine  as  follows  i  A  coil  of 
very  fine  wire  is  wotind  so  that  it  spans  out  the  same  pitch  and  has  the 
same  distribution  of  conductors  as  one  of  the  stator  windings  on  the 
actual  machine^  and  so  that  the  end  connections  follow  the  curvatuns 
of  the  end  connections  of  the  coils  on  the  rotor,  and  arc  bent  back  to 
the  same  angle  as  the  rotor  coils.     Remove  the  rotor  and  place  the 
coil  over  one  of  the  phasie  windings  so  that  the  w^res  on  the  test  coil 
lit-  immediately  over  tlic  corresponding  conductors  of  one  of  the  phase 
windings  on  the  stator,  r.^.,  it  will  have  to  be  placed  immediately  over 
the  slots.    Now*  one  can  measure  the  difference  in  voltage  between  the 
phase  winding  and  the  test  coil  when  an  alternating  current  is  passed 
through   the  winding.     This   difference  is  due  to  slot  leakage,  peri- 
pheral  leakage,  and   leakage   due   to   the   end    connections.      Ohmic 
drop   fvill    also   produce  a   small    difference,   though  in    most  cases 
that  can  be  neglected,  and  if  its  effect  is  appreciated  it  can  easily  be 
allowed  for. 

The  total  voltage  due  to  the  stator  leakage*  if  the  rotor  and  stator 

leakage  can  be  assumed  to  be  the  same^  is  equal  to  -  x  Primary 

Voltage  ;  where  t  is  the   leakage  coefficient  obtained  either  by  the 
voltmeter  method  or  by  the  ratio  of  the  magnetising  current  to  short- 
circuit  current. 
Therefore — 

^  X  \>  —Difference  of  voltage  between  phase  winding 
and  test  coil 
=.  Voltage  due  to  ^igt^g  leakage^ 

and  therefore  the  value  of  the  n^^g  can  be  found.  In  the  present 
experiments  we  have  a  second  method  of  checking  the  result  obtained 
by  the  above  method.  In  an  induction  motor  the  zigzag  leakage  for  a 
given  voltage  and  frequency  is  independent  of  the  atr-gap^  that  is,  if 
the  main  flux  remains  constant  the  zigzag  flux  will  also  remain 
constant.  This  may  be  shown  experimentally.  But  the  flank,  slot,  and 
peripheral  leakages  vary  almost  directly  as  l!ie  magnetising  current 
when  the  slots  arc  open. 

Therefore  if  one  can  reduce  the  air-gap  without  altering  any  of  the 
other  dimensions  of  the  machine,  the  leakage  coefficient  will  be  reduced 
and  one  can  draw  a  curve  between  magnetising  current  and  leakage 
coeBicient.  The  magnetising  current  cannot  be  reduced  to  zero,  even 
when  the  air-gap  is  nothing,  owing  to  the  current  required  to  send  the 
flujt  through  the  teeth  and  cores,  but  one  can  estimate  the  probable 
^^ae  of  ff  by  producing  the  curve  to  the  point  where  the  magnetising 
current  would  be  zero.  The  value  of  <r  so  obtained  wili  be  that  due 
lo  the  Jtig/,ag  leakage  only. 

It  i£i  also  possible  in  a  hnishcd  machine  to  obtain  a  very  good  idea 
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o(  the  value  of  the  2tg£ag  leakage  by  running  it  at  two  frequencies  as 
different  as  pos^sible,  but  keeping  the  same  voltage  and  wave-form 
of  applied  potential  difference*  At  the  higher  frequency  the  mag< 
netising  current  and  tht  main  flux  will  be  reduced.  The  main  flux 
will  vary  inversely  as  the  frequency*  but  owing  to  the  increased  per- 
meance of  the  iron  the  magnetistng  current  wiM  be  reduced  more 
proportionately  than  the  main  flux,  and  therefore  the  flank,  peripheral, 
and  slot  leakages  will  be  reduced  more  than  the  main  flux  and  the 
leakage  factor  will  diminish.  The  zigzag  leakage  vdit  be  proportionate 
to  the  main  flux* 

Let  ffj  be  the  leakage  factor  at  a  frequency  f^. 

Let  if,  be  the  leakage  factor  at  a  frequency /,, 

Let  K,  be  a  factor  which  when  multiplied  by  the  magnetising 
current  and  by  the  frequency  gives  the  leakage  coefficient  due  to  the 
flankj  peripheral,  and  Silot  leakages-  Let  K,  be  the  portion  of  the  total 
leakage  coefficient  dua  to  zigzag  leakage. 

Then  — 

ff I  ^  Kj  C|  /t  +  Kj 

wiierc  Cj  and  C^  are  the  magnetiising  currents  at  the  frequencies 
ff  and  /a.  It  should  be  pointed  out  that  Ihis  test  requires  to  be 
very  carefully  carried  out^  but  since  the  voltage  is  constant  the  eddy 
currents  nilt  be  con$tattt. 

Expcnmcntai  Evidence^— W]iGn  the  machine  described  at  the  liegin- 
ning  of  the  paper  was  excited  when  coupled  up  in  delta,  it  was  found 
that  the  current  in  the  branches  varied  considerably,  and  when  con- 
nected in  star  the  voltage  across  one  of  I  he  arms  was  lower  than  across 
the  other  two.  As  the  current  through  each  winding  when  separately 
excited  was  practically  the  same^  the  out-of- balance  currents  must  t)e 
due  to  the  urisymmetrical  arrangement  of  the  end  connections,  to 
which  attention  has  been  already  drawn.  The  voltages  of  the  primary 
and  secondary  were  nearly  equal,  and  could  be  observed  with  great 
accuracy  on  an  Ayrton  and  Mather  electrostatic  reflecting  voltmeter 
reading  normally  to  8*5  volts,  but  by  means  of  a  potential  divider  it 
was  arranged  to  read  any  voltage  accurately  tip  to  150  volts.  This 
instrument  was  very  convenient,  as  no  correction  was  necessary  in 
passing  from  one  ratio  to  another,  whilst  with  some  of  the  very  low 
voltages  on  the  test  coils  used,  the  values  could  be  read  by  coupling 
straight  on  to  the  voltmeter.  As  the  leakage  coefficient  could  not  be 
determined  by  taking  the  ratio  of  the  magnetising  current  to  the  short- 
circuit  current,  owing  to  the  out-of-balance  currents,  it  was  determined 
by  the  voltmeter  method.  Starting  with  an  air-gap  of  0-14  of  a  cm. 
tlie  leakage  factor  was  found  when  connected  in  delta  at  a  frequency 
of  60^  and  with  a  voltage  of  120  between  the  mains  ;  the  mean  leakage 
factor  for  tlie  three  phases  was  0*0477. 

Slot  Leakage. — One  of  the  easiest  leakages  in  the  present  case  to 
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separate  out  is  that  across  the  slot  from  side  to  sfdc,  as  the  coils  com- 
posing the  windings  were  wound  in  halves t  the  one  near  the  air-gap 
and  the  other  at  the  bottom  of  the  slot,  The  voUage  across  each  could 
be  observed  on  the  electrostatic  voltmeten  To  increase  the  accuracy 
of  the  readings  {i,€.,  the  difference  between  the  two  for  a  given  voltage 
across  them)  the  air-gap  was  increased  and  a  current  considerably  greater 
than  the  normal  magnetising  current  sent  through  the  rotor  winding. 
When  a  current  of  10*5  amperes  was  passed  through  phase  winding 
No,  2  at  a  frequency  of  60,  the  voltage,  at  the  terminals  of  the  half  at 
the  bottom  of  the  slot  was  61 ,  and  that  at  the  terminals  at  the  top  of 
the  s!ot  was  6o'i,  the  difference  being  0^9.  Now,  the  value  theoretically 
of  the  difference  between  the  voltages  should  have  been  as  previously 
shown  for  one  pole  pitch. 


KiuiL  —  2 


.     a     f    ,  Di  ^,   N  , 

.6.  J./«/ —  C^  -  610- 


Eo.,,  =  2  .6.  J  .r>o(i2)^ .  3  .  (20-5)  ^^  .  16  X  10- 
^  0*83  for  the  two  pole  pitches. 


which  is  so  near  that  determined  experimentally  that  it  may  be  taken 

315  correct.    The  actual  voltage  generated  in  the  coil  by  the  slot  leakage 

H 
would,  however,  be  -  x  o-g  ;=  2*4  at  this  current  of  20*5  amperes  and  a 

frequency  of  60,  and  is  practically  proportional  to  the  magnetising 
current. 


Analysis  of  Leakages  at  an  Air-gap  of  1*14  mm.,  Fkk^juencv  44, 

TK  REE-PHASE   StAR  CoNKECTED. 

Expmmcntal  DcfcrminaHon  of  Zigzag  Leakage. — A  coil  of  tine  wire 
was  wound  as  described  on  page  197  of  the  same  width  as  one  of  the 
coils  of  the  rotor  and  having  the  same  number  of  turns,  viz.,  60,  It 
was  arranged  so  that  its  end  connections  occupied  the  same  relative 
position  as  those  of  one  of  the  stator  coils. 

Phase  3  was  chosen  as  its  end  connections  came  out  straight  in 
both  stator  ajid  rotor.  The  rotor  was  excited  three  phases  and  the 
stator  removed,  the  search  coil  being  placed  over  Phase  3  of  the  rotor, 
with  the  coil  resting  just  over  the  gaps  in  the  slots  and  the  end  con- 
nections occupying  the  same  position  as  would  the  end  connections 
of  the  Phase  3  of  the  stator.  Resistances  were  placed  in  each  branch 
to  vary  the  current  and  keep  it  within  reasonable  limits.  To  show  the 
Increase  of  leakage  as  the  end  connections  were  bent  back  further, 
eitpcriments  were  carried  out  as  follows  : — 
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Angle  Coll  Li 
Iwnt  back. 

Currrnl  i?  Ampere^H 

Cimenl  11 

Acfipcm^ 

p.a  df  Ka  3 

Pbw 

P,D,  T«*  Coil, 

PH  No.  3. 

P.n.  DiiL 

o° 

25*3 

;?:§^ 

J5'9 

1 2 '30 

30" 

25-3 

15'Q 

IOM5 

60° 

^S3 

14*60 

i5'9 

8-35 

Q0° 

^5"3 

1335 

i5"9 

7-55 

The  difference  m  vollage  between  the  phase  winding  No.  5  and  the 
test  coil  when  it  comes  out  straight  is  5*4  volts  with  17  amperes^  or 
0*318  of  a  voit  per  ampere.  The  difference  1^  3'6  with  11  ampereSj 
or  0-327  per  ampere.  The  mean  difference  is  o'322  of  a  volt  per 
ampere^  and  this  is  due  to  slot  leakage,  peripheral  leakage,  and 
leakage  due  to  the  end  connections*  Now,  when  escited  star,  with 
an  air-gap  of  1*14  mm.  at  a  frequency  44,  it  was  found  that  ihe  leakage 
coefficient  was  0045  and  the  magnetising  current  was  4  amperes  for 
phase  winding  No.  3  for  rotor  when  pressure  across  the  phase  winding 
was  776  vohs.  At  this  frequency  and  current  the  voltage  differ- 
ence   between  the    search    coil  and    the    phase   winding  would   be 

O'jja  X  4  X  ^  =  0*94  of  a  %'olt.  Now,  half  the  leakage  factor  multi- 
plied by  the  main  voltage  gives  the  total  leakage  vollage— 
s=o"0225  X  77'6=i745. 
Now  the  difference  of  voltage  between  search  coil  and  winding  is 
due  to  peripheral,  flank,  and  slot  leakages,  therefore  the  difference 
between  the  total  leakage  voltage  and  that  due  to  these  leakages  gives 
the  zigzag  voltage,  J,f* — 

1745  —0-94^^0*805  of  a  volt» 
Percentage  zigzag  to  total  ^=  -  —- ^  x  100  =  46  per  cent* 

The  method  referred  to  in  the  previous  pages  was  now  used  to  furnish 
another  method  of  arriving  at  the  i^igxag  flux.  The  air-gap  was  reduced 
progressively  by  filing  away  the  end  supporting  pieces.  The  mag- 
netising current  and  the  leakage  coefficient  at  constant  voltage  and 
frequency  were  nseasurcd  for  each  air-gap^  and  the  results  are  plotted 
on  diagram  Fig.  5,  On  diagram  Fig,  6  a  curve  is  plotted  showing  how 
the  leakage  coefficient  varies  with  the  magnetising  current. 

As  the  magnetising  current  diminishes  owing  to  the  smaller  air* 
gap,  the  leakage  coefftcient  diminishes  at  first  fairly  rapid ly^  but  at  the 
end  more  slowly.  The  diminution  is  due  to  two  causes,  first,  of  course, 
owing  to  the  direct  fall  of  the  current,  and  secondly,  owing  to  the 
magnetising  current  swinging  more  nearly  into  phase  wilh  the  impressed 
volts  as  the  power  factor  increases.     The  E.M*F.  due  to  slot  and  flank 


LEAKAGES    !N   INDUCTION   MOTORS. 


901 


I 


Fig,  5. 
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leakages^  whose  path  is  largely  in  ain  will  therefore  be  more  nearly  at 
right  angles  to  tht^  main  voltage,  and  wiU  liave  very  HttJe  effect  in 
reducing  the  main  flux  below  what  it  wonid  be  if  there  was  no  leakage. 

The  zigzag  flux  and  the  main  flux  will,  however,  be  in  phase  with 
each  other,  and  practically  at  90**  phase  difference  to  the  main  voltage. 

In  the  casCt  therefore,  where  the  air-gap  is  reduced  to  aiero,  the 
leakage  coefficient  will  be  practically  that  due  to  the  zig^^ag  only,  and 
from  diagram  Fig.  6  it  will  be  seen  that  its  value  is  about  o  0195  when 
the  curve  between  if  and  magnetising  current  is  produced  to  give  a 
value  for  the  magnetising  current  ^o.  If  this  is  constant  at  all  loads* 
the  percentage  of  the  total  leakage  due  to  zigzag  at  an  air*gap  of 

1*14  mm.  is  equal  to  x  100^41*5  per  cent,,  as  against  46  per  cent, 

given  by  the  search  coil.  It  is  evident  that  the  value  given  by  the 
search  coil  is  too  high^  since  it  exceeds  the  total  leakage  coefficient 
obtained  experimentally  ;  as, however,  the  two  values  agree  %^ery  closely, 
they  can  be  taken  as  confirming  one  another.  The  value  41-5  per  cent* 
will  be  taken  as  the  true  value,  however. 

It  is  now  proposed  to  find  the  remaining  leakages  at  an  air-gap  of 
l'i4  mm,  with  a  frequency  of  44  per  second,  and  with  a  pressure  of 
152  volts  across  the  lines  when  connected  3-phase  star.  The  mean 
magnetising  current  for  the  three  legs  of  the  stator  winding  was 
3"  18  amperes,  and  the  mean  value  of  the  leakage  coefficient  was  0047. 
It  is  now  necessary  to  find  what  proportion  of  the  total  leakage 
coefficient  is  due  to  the  slot  leakage. 

The  total  voltage  due  to  slot  leakage  was  shown  to  be  2*4  volts, 
with  a  current  of  20"5  amperes  and  at  a  frequency  60. 

With  the  mean  rotor  magnetising  current  of  3-65  amperes,  and  a 

frequency  44, the  leakage  voltage  is  24  x  — ,-  x  ^  =^o"3r. 

The  total  leakage  voltage  per  arm  under  conditions  stated^  175. 

Slot  leakage  voltage  per  cent,  of  total  ^  -^  ^  i77  P^r  cent 

/J 
Now  it  has  been  shown  how  the  voltage  across  a  coil  wound  over 

Phase  3  varied  when  the  end  connections  were  bent  back  through 
various  angles.  A  curve  connecting  the  difference  in  voltage  between 
Phase  5  and  coil  with  the  angle  bent  back  is  shown  on  diagram  Fig.  7. 

It  will  be  seen  that  the  voltage  at  first  rises  in  a  nearly  straight  line, 
but  as  the  angle  increases  the  rate  of  increase  grows  less,  it  is  impos- 
sible to  eliminate  entirely  the  leakage  of  lines  that  link  with  the  end 
connections  of  the  phase  winding,  but  do  not  Jink  with  the  test  coil, 
but  if  the  curve  is  produced  back  for  a  very  small  distance,  which  it  is 
assumed  would  bring  the  test  coil  into  the  position  occupied  by  the  end 
connections  of  Phase  3,  then  in  that  position  the  difference  in  P.D.  at 
the  terminals  of  the  phase  winding  and  searcli  coil  would  be  due  only 
to  slot  leakage,  the  leakage  across  the  tops  of  the  teeth,  and  that  across 
the  slot  above  the  winding.    In  that  position  lUe  difference  in  P.P.  at 
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the  terminals  of  the  two  coils  would  be  4  volts— that  h,  with  a  current 
of  17  amperes  at  a  frequency  of  60*  Now,  the  mean  vaitic  of  the 
magnetising  current  in  the  stator  is  yiB,  and  in  the  rotor,  owing  to 
fewer  turns.  3  65,  at  a  frequency  of  44,    The  difference  of  voltage  due 

to  this  current  and  frequency  ^  —    .  '^      ^— ^  voUs  ^  ©'63  of  a  volt. 

The  slot  leakage  voltage  has  already  been  found  under  the  above 
conditions  to  be  0-31  of  a  volt,  so  that  the  top  of  the  teeth  leakage  will 

be  o'33  of  a  volt  :  j^^  x  too  =  iB'8  per  cent, 

To  find  the  percentage  of  the  total  leakage  due  to  the  end  connec- 
tions it  is  only  necessary  to  measure  the  leakage  coefficient  on  the  three 
windings  when  they  are  each  connected  single  phase.  The  difference 
in  the  leakage  coefficient  must  be  due  to  the  end  connections.  When 
each  phase  was  excited  with  130  volts,  the  exciting  current  was 
4*22  amperes  at  a  frequency  of  44  for  the  stator,  and  4*8  amperes  for  the 
rotor.  The  following  values  of  cr  were  obtained  by  the  voltmeter 
method. 
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0^045 


0'0425  ..,  ,,.  0'0j6 


in  Phase  3   from  that 


The  mean  difference  in  Uie  value  of  0 

Phase  I  and  Phase  a  is  ^  ^    -  ^     —  =  0^0077. 

2 

The  iiia'eatjc  of  leakage  in  Phases  2  and  3  will  produce  a 
voltage  =  1  (<^**^77)(  130)  =  o'5  of  a  volt  j  if  the  magnetising  current 
was    3*65    this  voltage    would    have   been   for   the    same    frequencv 

the  end   connections 


•  =  o\'i8of  a  volt    The  value  of  the  leakage  voltage  due  to 
of  Phase   3,  when  excitedj  wa.s  assumed  to  be 


1*4  volts  for  a  current  of  17  amperes  and  a  frequency  of  60. 

If  the  magnetising  current  were  3 '65  and  the  frequency  44  the 
voltage  would  he  0^27. 

Mean  leakage  of  three  phases 

_  0-38  X  2  +  o'22  X  3  _  r  4g 

^  3    "  ~    3 

=  o*47  of  a  volL 

Percentage  of  total  leakage 

175 

At  an  air-gap  of  1*14  mni.»  when  connected  star  with  a  voltage  of 
122  across  the  linei^,  the  average  value  of  the  leakage  coefficient  was 
found  to  be  0*047. 

Analysed  as  above,  the  following  values  were  obtained  for  the 
leakage  coefficients  and  leakage  voltages  per  arm. 


Oxmdtat 

LeaJtagt 
VoHajSe, 

VoitaEeper 
Ccntof-lUal    1 

Parallel  portion  of  slot 

0-0083 

0*310 

177 

Across  slot  over  winding  and 

between  the  teeth 

O'oo88 

0*330 

i8-8 

End  connections         

0-0131 

0-470 
0-805 

26-8 

Xtgxag  (a)  search  coil 

(h)  variation  of  gap... 

0-0216 

46*0 

0*0195 

0-727 

4«*5 

Total     value     taking     zigzag 

given  by  method  (a) 

0-0518 

1-915 

1093 

Total     value     taking     zigzag 

given  by  method  (6) 

0*0497 

t**37 

104-8 

True  value  of  total     

0*0470 

1750 

lOO'O 

It  will  be  noticed  that  the  sum  of  the  total  leakage  voltages  thus 
analysed  makes  up  a  total  which  is  greater  than  the  actual  total  found 
by  experiment.  It  should^  however,  be  pointed  out  that  all  the  leakage 
Vpltages  are  not  in  phase  with  each  other,  and  therefore  their  vector 
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sum  may  be  equal  to  that  found.  It  should  be  pointed  out  here  that 
the  leakage  voltage  due  to  the  end  connections  will  be  very  much  less 
in  the  present  case  than  in  an  actual  machine  where  Ihe  end  connec- 
tions of  the  rotor  and  ^tator  are  moving  relatively  to  one  anotht^r,  and 
only  for  a  very  short  pi^riod  are  they  in  the  favourable  position  that 
exists  in  the  present  experiment.  No  attempt  is  therefore  made  lo 
found  any  rule  on  this  experiment  for  the  leakage  of  the  end  con- 
nections. 

Dr,   Be  hn- Esc  hen  burg   gave   as   the  equation   for  the   ^ig^ag   or 

'I 
winding  coefficient  a-^^^.     In  the  present  casej  since— 


N=  lySf  ff.ie^  =  0-0165, 

Now  in  one  set  of  experiments  cr  was  found  to  be  oo2i6j  and  in  the 
other  CO  195 J  which  are  seen  to  be  nearly  equal  to  ^3,  which  gives 
ff^  0*022,  Theoretical  considerations  iirsl  seemed  to  point  to  a 
value  ^-,  so  that  this  will  be  taken  as  giving  more  nearly  the  true  value 

than  ^,,  and  pragticaily  to  confirm  the  equation  previously  given  for 
the  total  leakage  coefficient — 

An  application  of  this  formula  to  the  thirty-three  motors  given  by 
Dr.  Behn-Eschenburg  in  his  paper  is  shown  00  the  next  page.  As  the 
ratio  of  the  depth  to  the  width  of  the  ^loi  was  not  known  it  was  taken 
as  equal  to  three.  This  ratio  would,  howeverj  generally  be  lower  for 
high*  voltage  machines  and  for  the  rotors  of  squirrel -cage  motors*  The 
value  of  the  constant  for  slot  leakage  was  taken  as  72^  but  this  also 
varies  according  to  the  number  and  the  arrangement  of  the  conductors 
in  the  slot*  The  equivalent  value  of  0  was  also  unknown,  It  will  be 
seen  that  the  calculated  result  given  by  Dn  Behn-Eschenburg  has  to 
be  increased  by  a  value — 

^^W,/N\T^N'* 

The  result  is  that  the  average  disagreement  from  the  observed  %'alue  of 
V  is  reduced  from  23*4  per  cent,  to  12*5  per  cent* ;  in  other  words^  the 
disagreement  is  about  halved.  The  algebraic  mean  got  by  di%'iding 
the  algebraic  sum  of  all  the  disagreements  by  the  number  of  the  motors 
gives  4  per  cenL,  i.^.,  the  probability  is  that  the  modified  formula 
would  give  a  value  4  per  cent,  low,  as  against  a  probable  value  of 
33  per  cent  using  the  original  formulaCi 

Jhe  curves  given  by  Mr-  Hobart  in  the  discussion  on  the  original 
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paper  showed  for  the  sanic  motor!>  an  average  dii^agreement  from  the 

observed  vahic  of  9  per  ceiiL*  and  the  probabilih'  is  that  the  coeflicient 
found  would  be  6  per  cent,  lowei  than  the  observed  value. 

The  modified  formula  given  on  the  previous  page  is  therefore  of 
about  the  same  order  of  accuracy  as  Mr*  Hobarl's  curves,  and  at  the 
same  time  indicates  how  the  value  of  o-  varies  with  I  he  dimensions. 


List  of  THiftTV-THREE  Motors  giveh  in  Dr,  Behn- 

ESCHENaURGS  PAPER, 


No, 

T 
N' 

Total  to 

VaJtie. 

Ob«md 
Value, 

DiMcrra*^ 

Difference 
Per  Ccnl, 

I 

0'0039 

0*0023 

00051 

0-0534 

0*060 

00076 

-127 

9 

0*0062 

0-0051 

00117 

0-069^ 

0^090 

0*0209 

-13-3 

3 

o'ooig 

0-OOJ3 

0^0053 

o'C4a3 

01145 

0*0047 

^10-4 

4 

0"005' 

0-0U7 

0-0570 

0-075 

o-oi»o 

-340 

5 

0^0041 

00039 

00081 

00470 

0TJ50 

O'oo3o 

~  60 

6 

0-0075 

0-0069 

00144 

0-0639 

0-063 

oxxito 

+   16 

7 

0-0042 

0-0039 

00081 

o-038g 

01043 

otxJ3i 

-  7*4 

8 

00075 

00069 

0*0144 

0^55® 

0056 

— 

— * 

9 

00068 

0005^ 

0T3134 

00673 

0-067 

— 

— 

10 

0-0068 

0-0056 

0x1  J  34 

o<H7^ 

0046 

o-oorz 

+   J'6 

11 

0^0057 

O-0O4S 

0-0 1 01 

00499 

0*054 

00041 

-  76 

11 

0-007S 

o-ooS^ 

o-oiji 

00553 

0070 

OT3I47 

-11*0 

'3 

0-00^3 

00056 

00149 

ox>S34 

0060 

00066 

—  Jl-O 

H 

0-0057 

00045 

0*0  lOl 

0^513 

0054 

0'0037 

-  50 

»S 

0*6120 

o'oo45 

00165 

010582 

OXJ61 

0^0038 

-   6'T 

16 

0*0045 

0-0033 

00078 

ox>3f*« 

Not 

known 

17 

0*0063 

0*0033 

D-oog6 

00505 

Not 

known 

i« 

0^0047 

0*0055 

OOJOJ 

OQL+I)! 

0046 

0^33 

+  7^ 

19 

0-00G6 

0^0055 

O'OlJl 

00601 

0OS5 

010051 

+  9  3 

ao 

0-0033 

0-0091 

00114 

0  04«6 

0*040 

00086 

+U3 

2t 

o'oofi4 

o'ooqt 

0-0175 

0-0627 

0054 

0-0087 

+16*1 

22 

0-0038 

00033 

010071 

0-0338 

0-043 

0-0093 

-2210 

n 

00010 

o'ooo8 

o^ooig 

0-0187 

0^11 

0^33 

-iS-o 

24 

o*oo6a 

0^0055 

0-0113 

oos'^ 

0-067 

0-0 10  r 

-tS^ 

^5 

0-0017 

0-00  J  4 

0-0031 

00337 

0033 

o-ooog 

+  28 

a6 

0-0065 

o-oo6g 

0-0134 

00593 

01364 

0-0047 

-  7*3 

a? 

00016 

0-Q017 

0*0033 

0-0314 

0-034 

00026 

-  7*<^ 

2S 

0-qo6S 

0-0055 

00113 

00497 

0060 

00103 

-17-2 

m 

0-0030 

0-0024 

00054 

00334 

0043 

ox>io6 

-347 

5° 

O-O0S3 

0000 1 

00173 

00664 

0054 

0^0134 

+3JT> 

'    31 

0-0041 

o'ooj3 

0-0064 

00351 

oo3g 

00039 

—  10-0 

3a 

00104 

O'OOfjT 

00195 

00971 

0075 

0"0321 

+t9^i 

33 

0*0085 

0-0061 

00146 

0-0753 

0*065 

0'0i03 

+  15^ 

It  has  been  assumed  up  to  the  present  that  the  zigzag  leakage  is 
constant  for  a  given  machine,  and  independent  of  the  air-gap  and  of 
the  frequency  and  of  the  main  voltage.  To  prove  this  the  air-gap  was 
varied  between  very  wide  limits,  i.a^  from  1*395  "^^*  down  to  0-38  of 
a  miUimeter,  and  the  flux  measured  in  three  positions,  as  shown  on  Ihc 
accompanying  figures,  8  and  q.  Coil  L  was  placed  over  the  central 
tooth  of  Phase  2,    Coil  11.  was  placed  on  a  tooth  on  rotor  opposite 
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Coil  L  Coil  HI,  was  placed  in  llic  ^ap  between  stator  and  rotor  as 
it^own*  if  the  permeance  on  each  side  of  the  winding  bad  been  con- 
stant, then  when  Phase  2  only  was  excited  the  coils  as  shown  in  the 
figure  would  not  measure  any  of  the  main  fliix^  and  there  would  be  no 


^^ 


siZ 


^ 


Fio.  8. 


Fig.  9. 

zigzag.  In  the  figure  the  rotor  is  shown  moved  through  half  a  tooth 
pitch,  and  the  voltages  generated  in  the  coils  are  again  measured.  In 
each  case  126  volts  is  put  direct  across  Phase  2j  and  the  magnetising 
current  allowed  to  flow  with  the  vnrions  air-gaps,  U.,  the  main  flux 
remained  constant. 
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The  air*gap  could  not  be  reduced  to  a  lower  value  on  account  of  the 
exptofifig  Coil  III*,  but  it  will  be  seen  that  between  the  wide  limits 
given  the  E,M.F.  induced  in  the  three  coils  is  practically  constant.  If 
Ibe  distribution  of  ihe  flux  in  the  air-gap  does  not  vary  very  much, 
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then  it  can  be  assumed  that  the  zigzag  h  practically  constant  for  all 
air-gaps.  The  windings  were  also  excited  with  3-phase  currents, 
and  the  voltages  registered  00  the  coils  arc  given  as  follows  1— 
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In  this  case  the  voltage  measured  is  greaterj  as  'we  are  measuring 
the  portion  of  the  main  flux  that  passes  through  the  coils.  In  this 
case  all  the  voltages  for  some  reason  are  lower  at  a  lower  air  gap,  but 
their  ratio  remains  nearly  constant.  Now  from  the  diagrams  Figs.  5 
and  10  it  will  be  seen  that  when  the  air-gap  is  reduced  to  zero  with 
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frequencies  of  44  and  60|  the  leakage  coefficient  is  practically  the  same 
in  both  cases,  so  that  the  zigzag  is  independent  of  air-gap  and  of  frc* 
quency.  It  therefore  must  be  independent  of  voltage  in  primary, 
since  the  %'ariation  of  permeance  of  the  iron  parts  within  the  limits 
used  in  ordinary  motors  will  not  affect  the  distribution  of  the  s^ig^ag 
leakage-  While  recognising  the  limits  to  an  investigation  by  the  above 
methods,  the  authors  hope  that  results  obtained  will  be  of  use  in 
enabling  a  closer  approximation  to  be  made  to  the  value  of  the  leakage 
coefficient.  They  have  to  thank  Professor  Ayr  ton  for  the  facilities  and 
advice  given  them  in  connection  with  the  experiments. 
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Proceedings  of  the  Four  Hundred  and  Forty-eighth 
Ordinary  General  Meeting  of  the  Institution  of 
Electrical  Eno^ineers,  held  in  the  Rooms  of  the 
Institution  of  Civil  Engineers,  Great  George 
Street^  Westminster,  on  Thursday  evening, 
January  10,  1907 — Dn  R.  T.  Glazebrook, 
F.R*Sm   President,  in  the  chain 

Tbe  minutes  of  the  Ordinary  General  Meeting  held  on  December  20 , 
1906,  were  taken  as  read,  and  confirmed. 

The  list  of  candidates  for  election  into  the  Institution  was  taken  as 
rcadi  and  it  was  ordered  that  tt  should  be  suspended  in  the  Librarj» 

The   fotlowing    list  of    transfers  was  published  as  having    been 

approved  by  the  Council : — 

TRANSFERS. 

From  the  class  of  Associate  Members  to  that  of  Members  :— 
Hermann  Bohle.  F.  Mackenzie  Lea. 


George  Ernest  V.  Thomas. 
Henry  Nicol  Tlioma^. 


Ignatius  Bul6n. 
I  James  T,  Cornish* 

From  I  he  class  of  As??ociates  to  that  of  Members  : — 
Joseph  Jcrvis  Atkinson,  |      Harold  Wnu  Firth, 

John  Joseph  Francis  O'Shaughnessy. 


■  From  the  class  of  Associates  to  that  of  Associate  Members  :— 

I  Ernest  Holt  Owtram.  |      Edward  Vernon  F.  Shuw. 

I  From  the  class  of  Students  to  that  of  Associate  Members  :— 

I  Andrew  H.  Gordon.  Ernest  J-  Nichoh. 

I  Cyril  Grimes. 

^^  Hugh  Arnold  Price- Hughes. 

^^^John  VVnu  L^iw. 


u 


Edwin  Ross  Rudge. 
Herbert  John  Seale* 
James  H.  Soames. 
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Donations  to  the  Library  were  announced  as  having  been  received 
since  the  last  meeting  from  Messrs.  Gauthier-Villars,  F.  Gill,  R.  S. 
Hutton,  Macmillan  &  Co..  Ltd.,  T.  C.  Martin,  F.  J.  A.  Matthews, 
H.  Wilde  ;  to  the  Building  Fund  from  W.  Duddell,  S.  E.  Glendenning,  W. 
Golledge,  R.  Hammond,  Professor  A.  Hay,  D.  Henriques,  Sir  H.  B. 
Jackson,  E.  Mascart,  F.  S.  Miller,  C.  W.  G.  Nelson,  F.  Nicholson,  R.  O. 
Ritchie,  M.  Solomon,  Sir  J.  W.  Swan,  A.  J.  Venables,  T.  C.  T.  Walrond  ; 
and  to  the  Benevolent  Fund  from  J.  R.  Andrew,  Ivon  Braby,  A. 
Denny,  B.  M.  Drake,  W.  Duddell,  R.  Hammond,  K.  Hedges,  S.  H. 
Holden,  J.  R.  P.  Lunn,  E.  de  M.  Malan,  C.  H.  Merz,  F.  H.  Nicholson, 
C.  C.  Paterson,  H.  L.  Riseley,  S.  G.  C.  Russell,  Sir  David  Salomons, 
A.  A.  C.  Swinton,  F.  J.  Thompson,  R.  W.  Wallace,  K.C.,  T.  C.  T. 
Walrond,  Captain  R.  F.  Willis,  J.  Woodside,  C.  H.  Wordingham,  The 
Committee  of  The  R.  K.  Gray  Portrait  Fund,  to  all  of  whom  the  thanks 
of  the  meeting  were  duly  accorded. 

Mr.  A.  Russell  and  Mr.  M.  J.  £.  Tilney  were  appointed 
scrutineers  of  the  ballot  for  the  election  of  new  members,  and,  at 
the  end  of  the  meeting,  the  following  were  declared  to  have  been 
duly  elected  :— 

ELECTIONS. 

As  Members, 

John  Christie.  |  George  Verity. 

Arnaldo  Paolo  Zani. 
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NEW   INCANDESCENT   LAMPS. 


J 


By  j;  Swinburne^  F.R.S.,  Past-President. 
{Paper  read  yanuary  to,  1907.) 

A  little  more  than  a  quarter  of  a  century  ago  several  men  were 
working  out  the  arc  lamp,  and  inventors  were  bringing  out  what  they 
oiiied  semi -incandescent  lamps,  People's  ideas  were  very  obscure  in 
those  days,  and  much  confusion  was  due  to  the  misstatement  of  the 
problem  that  was  reatly  waiting  for  solution.  At  this  time  they  were 
trying  to  solve  the  problem  of  the  '*  Subdivision  of  the  Electric  Light/" 
The  ordinary  dynamo  of  commerce  was  series  woundj  and  much 
difficulty  was  ejcperienced  in  rnnning  more  than  one  arc  lamp  on  a 
given  machine.  Some  of  the  makers  succeeded  to  a  certain  extent. 
For  instance t  Jablochkoflf  had  a  dynamo  with  a  number  of  separate 
circuits,  and  each  circuit  ran  several  lamps  in  series^  Brush,  again,  ran 
lamps  in  series  on  series- wound  arc  machines,  but  inventors  generally 
untre  trying  to  run  se\*eral  arc  lamps  from  a  single  scries- wound 
Gramme  machine,  giving  60  volts  and>  say,  20  amperes  at  rated  output. 

One  of  the  first  to  understand  the  real  nature  of  the  problem  and 
Ihc  proper  means  of  solving  it  was  Edison.  He  realised  tliat  high- 
reMstance  lamps  could  be  worked  in  variable  numbers  in  parallel  on 
constant -pressure  circuits.  This  seems  so  obvious  now  that  we  cannot 
Bttdcf  stand  where  the  difficulty  came  in  ;  but  a  reference  to  the  techni* 
caJ  prtfss  just  before  1880  will  $how  that  people*s  ideas  were  very 
cfi^otic.  At  this  stage  there  were  evidently  two  things  necessary  for 
distribution  :  a  small  lamp  and  high  pressure.  Edison  seems  to  have 
begun  with  a  high  pressure  especially  in  view,  and  therefore  worked 
upon  high -resistance  lamps  made  of  platinum.  Swan,  on  the  other 
hand,  began  by  keeping  small  lamps  especially  in  view,  and  worked  on 
carbon,  beginning  with  low  resistance.  Swan  found  low-rcsistance 
carbon  htmps  promising,  then  went  on  to  high  resistances,  while 
Edibon,  having  high  resistances  chiefly  In  view,  took  out  a  patent  for 
using  a  filament  of  carbon  to  give  the  high  resistance.  The  curious 
thtng  is  that  once  platinum  was  put  aside,  it  was  alw^ays  assumed  that 
carbon  was  the  only  material  possible.  From  1880  until  quite  recently 
tt  seetos  to  have  been  generally  taken  for  granted  that  no  departure 
irem  carbon  was  possible.    Certainly*  there  were  some  eKpeTimeiiV^  c>tt 
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silicon.  As  silicon  is  very  closely  related  to  carbon^  it  seemed  likely 
thai  it  would  make  a  good  filament,  but  nothing  came  of  it.  Attempts 
were  aJso  made  to  coat  carbon  filaments  with  silicon  and  with  boron. 

It  may  sctm  strange  that  people  did  not  expert iiient  on  some  of  the 
more  refractory  metals  ;  but  a  little  consideration  will  explain  matters 
to  some  extent-  In  the  first  place^  the  interest  was  small  Now,  w^hen 
lamps  are  made  by  the  milhon,  an  improvement  means  a  fortune  to  the 
inventor.  The  result  is  that  there  are  far  more  people^  and  especially 
far  more  very  highly  trained  men,  working  on  the  subject  now. 
Another  point  is,  that  in  the  early  days  very  little  w^as  known  about 
most  of  the  refractory  metals.  During  this  time^  for  example,  such 
substances  as  thona,  ceria,  zirconia,  and  other  *'rare  earths'*  have 
become  quite  familiar  to  the  practical  chemist.  Again  ^  we  have 
become  much  more  familiar  with  high  temperatures  and  high  melting 
points  through  working  with  the  electric  furnace.  Many  people,  no 
doubt,  thought  of  trying  some  of  the  refractory  metals,  but  the  informa- 
tion was  very  vague  and  very  meagre,  and  no  one  had  any  clear  ideas 
about  high  temperatures.  Once  we  got  into  anything  above  1,000*"  C, 
we  had  no  means  of  comparing  temperatures,  and  no  sort  of  aecurate 
ideas  of  temperatures  at  aU*  If  one  looked  up  chemical  literature  to 
find  out  whether  a  given  metal  E^ad  a  high  enough  melting  point  to  be 
of  use,  alt  that  could  be  found  was  that  some  said  it  was  infusible; 
others  said  it  was  fusible  only  at  the  *'  highest  temperature  of  the 
forge*'*  Suppose,  for  example,  any  one  thought  of  trying  chromium, 
he  would  find  that  the  process  recommended  was  mixing  the  ojtide 
with  lampblack  and  subjecting  it  in  a  carbon4ined  crucible  to  the 
heat  of  a  blast  furnace.  A  lamp  inventor  seldom  keeps  a  blast 
Jurnace  ;  but  the  method  suggests  a  rough  way  of  working,  and  a  very 
impure  result,  as  even  before  the  days  of  the  vulgarisation  of  carbides, 
we  all  knew  that  certain  metals  took  up  carbon,  Uke  cast  iron.  Then 
he  would  find  that  the  chromium  so  made  is  crystalline  powder,  less 
fusible  than  platinum,  and  that  is  all  The  information  would  not  lead 
the  most  sanguine  inventor  to  try  making  chromium  into  wire,  and 
making  lamps  of  it.  In  fact,  the  information  that  it  scratches  glass, 
and  is  at  least  as  liard  as  corundum,  is  in  itself  enough  to  discourage 
him.  We  can  now  get  chromium  by  another  method  altogether, 
which  does  not  involve  carbon— namely,  reduction  by  means  of 
aluminium — and  this  process  lias  given  us  several  metals.  Research 
in  the  direction  of  special  sffeels  has  also  made  us  much  more  familiar 
with  many  of  the  refractory  metals. 

But  in  order  to  make  a  successful  lamp  it  is  not  enough  merely  to 
look  up  the  melting  point  of  a  metal,  or  even  to  find  it  out  by  experi- 
ment. The  people  wlio  have  so  far  succeeded  have  had  an  exceedingly 
difficuh  task.  They  have  generally  had,  first,  to  work  ont  a  chemical 
process  which  gives  pure  metal.  This  in  itself  is  no  small  achieve* 
meat  Next,  they  have  to  find  out  if  the  melting  point  of  the  metal 
is  high  enough*  and  then  they  have  to  face  the  exceedingly  dtfiFtcult 
problem  of  making  fine  enough  wire  of  a  metal  which  seems  almost 
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unworkahie,     Kvun  this  h  by  no  means  all :  the  question  of  specific 
resistance  and  tineness  and  length  of  wire  comes  in. 

This,  raises  at  once  the  most  serious  consideration  as  to  the  new 
tuetallic  lamp^. 

The  early  Swan  lamps  took  from  40  to  70  volts,  but  it  was  soon 
found  that  that  was  too  low  a  pressure  even  for  such  work  as  hotel  and 
theatre  lighting.  Edison  used  about  100  voUSiand  in  this  country  the 
Swan  Company  turned  out  good  loo-voit  lamps  about  1884, ,  It  was 
fotjnd  very  difficult  in  those  days  to  make  lamps  for  more  than  loo  to 
110  voHSt  as  the  process  then  in  use  for  making  the  filaments  did  not 
lend  itself  to  very  thin  conductors  of  considerable  length.  About  that 
time,  however^  the  method  of  making  filaments  by  squirting  a  solution 
of  pyroxylin  and  reducing  k,  or  squirting  a  solution  of  cellulose  in 
chloride  of  zinc,  came  into  use.  All  the  time  the  demands  of 
economical  distribution  had  been  pressing  lamp  makers  to  provide 
200  or  even  250-volt  lamps.  Carbon  lamp  makers  have  now  been  able 
to  make  200- volt  lamps,  even  of  small  powers,  for  some  years.  When 
it  is  remembered  that  the  process  of  squirting  a  solution  of  cellulose 
into  a  liquid  is  now  employed  for  making  artificial  silk,  it  will  be 
realised  thai  squirting  enables  the  lamp  maker  to  make  his  filaments 
as  fine  as  he  likes.  The  difficidty/thcn,  is  not  in  making  a  sufficiently 
fine  thread  in  the  first  place,  but  in  mounting  it,  and  above  all Jn 
getting  a  durable  lamp  of  such  fine  material.  If  the  surface  emission 
is  the  same»  the  pressure  varies  directly  as  the  square  root  of  the  cube 
of  the  length  of  the  filament.  Other  things  being  equal,  a  200-voit 
filament  is  nearly  1-56  times  the  length  of  the  100- volt  conductor,  and 
about  two-thirds  of  the  diameter.  It  is  thus  very  much  weaker. 
Weakness  is  not  by  any  means  the  only  consideration,  however.  The 
slow  wearing  of  the  surface  causes  a  greater  percentage  difference  in 
tlie  resistance  of  the  lamp  ■  and  there  is  double  the  pressure  available 
for  causing  discharge  across  from  one  leg  of  the  filament  to  the  other. 
The  only  WMy  the  lamp  maker  can  reach  high  pressures,  other  things 
bdng  equal,  is  by  increasing  the  size  of  the  lamp,  that  is  to  say, 
making  [6  instead  of  S  candle  lamps^  and  so  on.  In  old  days  the 
ordinary  lamp  was  about  20  candles,  then  came  16  candles,  and  then 
the  8,  These  sizes  seem  to  have  been  the  result  of  chance,  as  the 
ordtriary  gas  burner  with  wliich  the  electric  lamp  had  to  compete  at 
that  tirau  gave  from  jo  to  12  candles. 

b^c  have  thus  the  distribution  engineer  clamouring  for  high 
res,  and  the  lamp  maker  trying  to  meet  his  deniand,  and  making 
up  to  250-volt  lamps.  The  lamps  are  naturally  worse  than  those 
maidc  for  lower  pressures — in  fact,  until  you  get  down  to  sucli  low 
pressure  =*^  that  the  filaments  become  sticks,  the  lower  the  pressure 
Ihe  better  the  lamp— but  the  combination  of  better  distribution  and 
worse  bimp  is  on  the  whole  much  better  for  the  public,  as  the  gain 
tbroitgb  belter  distribution  is  greater  than  the  loss  through  inferior 
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introduced  by  Mr.  HowelL    The  carbon  filaments  are  heated  id 

electrical  fnrnacc  to  convert  them  into  a  form  of  graphite.  This 
really  perfecting  an  old  process  rather  than  inventing  a  new  one.  Th 
effects  of  high  temperature  were  known  long  ago.  In  1884  and  1H8S 
it  was  important  not  to  treat  the  filaments  with  hydrocarbon,  for  paten 
reason?;,  and  the  filamentii  were  simply  electrically  heated  to  hardc 
them  and  reduce  the  resistance.  To  prevent  deposition  of  carbon  pr< 
caution  had  to  betaken,  as  the  vapour  from  the  grease  used  for  lubric 
ting  a  glass  tap  or  seating  a  joint  was  enough  to  deposit  visible  Iraci 
of  carbon.  Filaments  heated  electrically  without  deposition  were  hari 
flexible,  and  black,  and  in  some  cases  they  had  about  the  same  reslstam 
hot  as  cold.  They  were  more  durable  than  carbon*coated  tilamenti 
The  American  lamps  are  probably  a  development  of  this  idea*  Evci 
carbon  lamp  maker  has  known  for  many  years  that  *'  flashing*'  not  onl^ 
deposits  carbon,  but  entirely  alters  the  nature  of  the  irlament  itself, 
believe  flashed  filaments  do  not  act  on  hot  strong  sulphuric  acid. 

As  soon  as  we  deal  with  metal  lamps  the  question  of  di^ 
tribution  comes  up  again.  How  are  lamp  makers  to  get  the  met^ 
wire  so  fine  that  it  will  take,  sfiy,  200  volts  ?  The  metal  lamp 
only  supplant  the  carbon  on  the  ground  of  higher  efficiency,  and  tli 
efficiency  claimed  is  much  higher.  Thus  if  a  carbon  lamp  of 
volts  and  16  candles  has  an  efficiency  of  0*25  candles  per  watt,  it  mu^ 
have  a  resistance  of  625  ohms.  To  make  a  carbon  of  625  ohms  smal 
enough  to  give  20  candles  at  0*25  c.p,w.  is  a  feat,  but  to  make 
metal  wire  to  do  so  is  a  very  difficult  matter.  But  a  metal  lamp" 
is  made  to  work  at,  say,  075  c;p,w„  and  that  means  that  for  16  candles 
there  are  only  21-4  watts.  This  means  a  resistance  of  1,870^  or  nearl< 
2,000  ohms.  To  make  a  lamp  filament  of  metal  so  as  to  have  a  n 
sistance  of  2,000  ohms,  and  only  to  give  16  candles  at  a  tcmpcratuj 
necessary  to  give  such  a  high  efficiency  as  075  c,p.w„  won  Id  be 
wonderful  feat.  There  are  two  influences  which  help  the  metal  lam 
however ;  the  resistance  of  the  metal  rises  considerably  with  tin 
temperature,  as  a  metal  is  run  not  vcri^'  far  from  its  softening  poini 
and  the  eoiissivity  of  bright  metal  is  less  than  carliou,  so  that  to  givi 
the  same  light  at  the  same  efficiency  the  wire  may  be  larger*  It  see 
probable,  however,  that  bright  metal  surfaces  increase  in  emisslvity 
as  they  get  hot,  that  is  to  say,  they  get  blacker  as  they  get  hotter 
a  black  body  lieing  brighter  at  a  given  high  temperatorc  than 
white  body. 

We  thus  come  upon  the  weak  point  of  the  metallic  lamp;   it 
very  difficult  to  make  a  small  lamp  of  200  volts.    The  questions 
therefore,  wliether  the  higher  efliciency  of  the  metal  lamp  will  indu 
us  to  bring  our  pressure  down  to  100  volts  or  less,  on  the  one  hand 
or  whether  the  meLil  lamp  can  be  made  to  take   200  volts  or   more 
either  by  further  perfection  by  the  use  of  some  sort  of  transformer 
by  nsing  larger  lamps,  say,  50  candies  each.    Of  course,  we 
to  running  the  lamps  in  pairs,  or  in  threes  in  series,  but  that 
seem  likely.    We  went  through  a  good  deal  of  trouble  of 
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in  the  early  days  of  the  carbon  lamp,  and  it  is  improhablc  it  will 
be  repeated*  Large  buildings  may  be  %vircd  on  the  3-wire  system  with 
a  dead  middle  wire  ;  but  this  does  not  appeal  very  strongly  to  modern 
engineers,  and  it  is  only  applicable  to  new  buildings  that  are  not 
yet  wired.  If  the  metallic  lamp  had  come  into  being  twenty  years 
ago  it  w*ouId  have  commanded  its  own  conditions,  but  now  it  has 
to  adapt  itself  to  the  conditious  already  existing.  The  average  house- 
holder will  certainly  not  pui  in  a  special  transformer  to  give  him 
100  voJts,  and  it  will  take  a  good  deal  of  persuasion  to  induce  a 
supply  company  to  convert  its  3- wire  into  a  5-wire  sy^tym.  At 
the  same  time  it  must  he  remembered  that  there  are  still  plenty  of 
lOo-volt  circuits*  and  the  output  necessary  to  supply  these  is  quite 
great  enough  to  give  the  metal  lamp  a  footing  which  may  enable  it 
to  prescribe  its  own  conditions  in  the  future.  It  seems  probable, 
however,  ihat  people's  ideas  of  the  value  of  light  will  alter*  and  that 
iocajidescent  gas  or  large  metal  lamps  will  soon  lead  them  to  use 
50  candles  as  the  normal  light  at  each  point.  At  the  same  timet  the 
mgenuity  which  lias  made  metal  lamps  possible  seems  quite  capable 
of  making  aoo-volt  i6-candle  lamps  within  reasonable  time. 

When  we  come  to  the  question^  "What  metals  or  compounds  are 
av^iable  for  lamp  filaments  ?  we  have  to  consider  the  melting  point, 
the  specific  resistance,  and  the  possibility  of  making  the  filaments 
in  practice.  As  to  the  melting  point,  it  has  been  quite  impossible 
to  melt  many  of  the  metals  until  the  electric  furnace  came 
into  use  ;  but  the  electric  furnace  generally  deals  with  the  metals 
in  the  presence  of  carbon,  which  probably  alters  their  melting  points. 
Bui  apart  from  that,  before  the  recent  development  of  the  study  of 
radiation,  there  was  no  means  of  measuring  such  temperatures  as 
the  fusing  point  of  tungsten,  for  example.  Even  yet  we  have 
no  data  as  to  the  melting  points  of  most  of  the  refractory  metals. 
The  best  guide  available  is  the  Periodic  Law, 

We  may  take  what  is  generally  known  as  the  fourth  group,  and  take 
the  even  series.  This  gives  us  carbon^  titanium,  zirconium,  cerium, 
an  element  not  yet  discovered,  and  thorium.  We  may  also  take  in,  for 
consideration,  boron,  which  is  next  to  carbon,  but  in  the  third  group, 
and  silicon,  which  is  also  next  to  carbon,  and  in  its  own  group,  but  in 
the  third  odd  series.  Then  in  the  fifth  group  we  may  take  the  even 
series  and  get,  after  nitrogen,  vanadium,  niobium,  didymium,  tantalum, 
and  an  unknown  element.  In  the  next  group  we  get»  alter  oxygen, 
chromium,  molybdenum,  a  ghost,  and  tungsten  and  uranium.  In 
Series  6,  running  through  Groups  IV,,  V»,  VL,  we  get  zirconium, 
niobium,  motytidcnum  ;  and  in  Group  VIIL,  rubidium,  rhodium,  and 
palladium.  Series  10,  which  contains  tantalum  and  tungsten  in  Groups 
V,  and  VL»  has  osmium,  iridium,  and  platinum  in  Group  VI I L  By 
tisifig  elements  whose  melting  points  are  known  to  be  high  as  a  sort  of 
guide  post,  we  can  pick  out  the  elements  most  likely  to  have  high 
melttng  points* 

instead  of  using  a  tabic  of  elements  we  may  work  from  curves 


216  SWINBURNE:  NEW  INCANDESCENT  LAMPS.     [Jan.  lOtfi, 

TABLE   L 
Groups. 
L        II.        IIL        IV.        V.        VI.       VIL  VIIL 


I 

H 

1 

, 

2 

Li 

Be 

B 

c 

N 

0 

F 

3 

Na 

Mg 

Al 

Si 

P 

s 

CI 

4 

K 

Ca 

Sc 
Ga 

Ti 

V 

Or 

MnlFeCoNiCu 

1 

5 

Cu 

Zn 

Ge 

As 

Se 

Br 

6 

Rb 

Sr 

Y 

In 

Zr 

Sn 

Nb 

No 

? 
I 

RuPdRhAg 

7 

Ag 

Cd 

Sb 

Te 

8 

Cs 

Ba 

La 

Ce 

Di 

7 

Sm 

7 

?     ?     ?     ?  1 

9 

? 

-> 

? 

? 

Er 

7 

10 

? 

? 

Yb 

7 

Pb 

Ta 

w 

"i 

Os  Pt  Ir  Au 

II 

All 

Hg 

Tl 

Bi 

■>             p 

—    ■ 

12 

j> 

? 

7 

Th 

7 

u          ?; 
i 

1907.] 


SWINBURNE:  NEW  INCANDESCENT  LAMPS. 


217 


cellulose  and  carbonise  it ;  but  in  early  days  it  was  proposed  to  make  the 
filaments  of  a  paste  such  as  lampblack  and  tar  worked  up.  No 
practical  lamps  were  ever  made  in  this  manner;  but  straight  rods 
about  a  millimetre  diameter  were  made  as  arc-light  carbons,  I  think,  by 
Messrs.  Carre,  and  these  were  made  into  incandescent  lamps.  They 
were  probably  ground  retort  carbon  made  into  a  putty  with  sugar, 
treacle,  or  tar,  and  carbonised. 


Fig.  I. 


In  making  metal  or  carbide  filaments  there  are  several  processes. 

A  carbon  filament  may  be  made  first,  and  this  may  be  coated  by 
electrical  heating  with  other  substances,  and  the  carbon  can  then  be 
volatilised. 

The  same  process  can  be  carried  out  except  that  the  carbon,  instead 
of  being  volatilised,  is  combined,  making  a  carbide.  A  wire  may  be 
deposited  electrolytically  from  a  solution. 

The  material  may  be  ductile,  in  which  case  it  is  drawn  into  wire  in 
the  usual  way. 
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The  material  may  be  made  into  a  very  £tie,  smooth  powder,  and 
mixed  with  some  agglomerant,  and  squirted.    The  squirted  filament 
15  then  dried,  baked^  and  heated  electricaily  to  get  rid  of  carbon  if 
organic  binding  material  has  been  used* 

An  oxide  may  be  mixed  with  carbon  and  made  into  a  paste 
squirted.  The  filaments,  after  baking,  are  heated  electrically  in  vacuo ; 
the  carbon  then  reduces  the  oxide^  making  either  metal  or  carbide 
according  to  the  proportion  of  carbon  employed.  The  carbon  may  be 
supplied  by  heating  in  hydrocarbon  vapour. 

The  oxide  may  be  made  into  a  rod  and  run  like  a  Nernst  lamp, 
except  that  the  process  is  carried  out  cither  in  vacuo  or  in  hydrocarbon 
gas*  so  that  the  oxygen  is  removed,  leaving  metal. 

These  are  the  most  Likely^  or  the  least  nnlikelyt  ways  of  making 
filaments*  There  are  others  which  figure  in  patent  literature  a  good 
deal.  The  laws  of  naturej  as  revealed  in  patent  specifications,  are^ 
however,  so  extraordinary  that  I  do  not  feel  justified  in  confusing 
your  minds  with  them. 

The  accounts  in  the  technical  papers  of  the  methods  used  by  the 
inventors  may  not  always  be  absolutely  true  in  detail,  and  they 
frequently  have  quite  a  suspicious  flavour  of  patent  specification. 

The  plan  of  coating  a  carbon  and  then  volatihsing  the  carbon  by 
heat  has  a  heroic  ring  about  it,  which  promises  a  lamp  capable  of  very 
high  efficiency  j  but  I  want  to  see  it  done.     Most  metals  are  li 
to  form  carbides  rather  than  let  the  carbon  go  off. 

The  Cruto  lamp  of  about  1884  was  supposed  to  be  made  by 
converse  process  of  depositing  carbon  on  a  fine  platinum  wire,  and 
then  heating  the  carbon  till  the  platinum  boiled  off.  The  actual  fila- 
ments were  of  such  low  specific  resistance  that  platinum  must  have 
remained  there. 

The  electrical  deposition  of  metal  filaments  is  generally  troublesome 
because  most  of  the  metals  that  might  do  for  lamps  will  not  deposit 
uniformly  enough,  and  electrolytic  deposits  of  hard  metals  are  not 
capable  of  being  drawn  down  into  wire.  For  such  a  process  to  be 
successful  the  Core  or  mandrel  must  not  be  made  of  a  metal  that  wUI 
form  an  alloy.  It  need  not  necessarily  be  metal  at  all  ;  presumably 
such  a  material  as  nitrocellulose  coated  with  blacklead,  or  made 
conductive  by  any  of  the  ordinary  methods,  would  serve.  The  resulting 
filaments  would  be  tubes,  of  course. 

Drawing  down  fine  wire  is  generally  impossible,  as  few  of  the 
metals  are  ductile.  The  drawing  down  of  tantalum  by  Messrs. 
Siemens  &  Halske  is  a  perfect  triumph  when  not  only  the.  real  but 
the  reputed  properties  of  that  metal  are  considered.  Whether  they 
draw  the  metal  down  by  itself  or  by  the  W^oUaston  method  I  do  not 
know.     Tantalum  is  not  soluble  in  the  ordinary  acids. 

The  metal  filament  is  very  seriously  handicapped  by  its  softness 
when  hot  and  its  brittleness  when  cold.  Many  of  the  metal  lamps  will 
run  in  only  one  position,  otherwise  the  wire  sags.  The  wires  arc  also 
often  very  fragile  when  the  lamp  is  not  in  use. 
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Ft  might  be  urged  that  alloys  should  be  used  for  lamp- wires,  on  the 
ground  that  many  brittle  and  intractable  metals  may  make  ductile 
alloys.  There  is  another  point ;  alloys  have  generally  high  specific 
resistances*  and  this  is,  of  course,  %'ery  important.  Even  a  %*ery 
small  addition  of  another  metal  may  increase  the  specific  resistance 
very  considerably.  Unfortunately  alloys  generally  have  low  fusing 
points.  Where  a  very  fusible  and  a  refractory  metal  are  alloyed,  the 
addition  of  the  refractory  to  the  fusible  metal  generally  first  lowers  the 
melting  point.  The  melting  point  then  ris^es  in  one  way  or  another, 
according  to  whether  definite  combinations  occur,  until  the  melting 
point  of  the  refractory  metal  is  reached.  If  the  metals  have  about  the 
same  melting  point,  their  alloy  may  be  taken  as  having  a  lower  melting 
point.  This  is  not  a  law,  however.  The  alloys  of  antimony  and 
ulttmtnium  have  much  higher  melting  points  than  the  component 
metals.  Starting  from  pure  antimony »  the  melting  point  falls  a  little 
on  the  addition  of  a  small  percentage  of  aluminium  and  then  rises 
quickly.  An  aUoy  of  aluminium  and  gold  has  also  a  higher  melting 
point  than  either  of  its  components.  It  is  possible,  therefore,  that 
alloys  may  be  formed  which  have  very  high  melting  points.  Perhaps 
metals  of  the  same  group  and  series  may  give  refractory  alloys, 
Platinum^iridiuai  has,  1  believe,  a  high  melting  point.  Tungsten  and 
osmium  are  in  the  same  scries,  but  are  in  the  sixth  and  eighth  groups. 
Tantalum  and  tungsten  are  in  the  same  series  and  neighbouring 
groups. 

The  addition  of  a  very  little  of  one  metal  to  another  may  be  worth 
while  if  it  increases  the  specific  resistance  very  considerably  and  lowers 
the  melting  point  very  liltie.  In  adding  a  trace  of  infusible  to  a 
fusible  metal  the  tirst  result  is  generally  to  reduce  the  melting  point ; 
but  after  a  very  small  percentage  the  melting  point  rises  very  rapidly. 
If  one  tsegins  with  the  infusible  metal,  the  addition  of  the  fusible  com- 
ponent brings  the  melting  point  down  very  rapidly.  In  alloying  two 
met^s  of  about  equal  metting  temperatures,  the  first  addition  of  either 
brings  the  melting  point  down  xapidly.  The  alloys  with  high  melting 
pomts  generally  contain  definite  compoundSj  and  compounds  are  often 
much  more  infusible  than  their  components ;  ammonium  nitrate, 
chloride^  and  chlorate  are  extreme  but  not  apt  examples.  Arsenides 
and  antimonides  are  not  wholly  unlike  phosphides  and  even  sulphides. 

Alloying  has  a  possible  disadvantage  in  reducing  the  resistance- 
temperature  coefficient.  The  rise  of  resistance  is  a  most  valuable 
property  in  a  wire  lamp,  as  it  protects  the  lamp  against  overrunning! 
and  allows  it  to  be  run  bright  on  a  more  variable  supply  circuit. 

One  of  the  difficulties  in  squirting  filaments  of  a  paste  of  finely 
divided  metals  and  an  agglutinant  is  to  get  the  metal  fine  enough  to 
{||oirt  smoothly-  This  is  also  a  question  of  the  agglomerant  used. 
'  ^fctne  of  these  metals  in  the  form  of  powder  will  not  squirt  properly  ; 
the  paste  comes  out  thin  at  first  and  then  particles  choke  the  nozzle 
and  the  squirting  stops.  Gum  tragacanth  is  a  very  convenient 
material  to  use.     It  wa»  used  by  Farneljehm  for  squirting  thia  threads 
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of  magnesia,  aut  of  which  he  made  beautiful  litcle  ha*ikeu  for  use 
as  mantles  on  water-gas  burners.  These  have  been  supplanted  by 
the  W^eisbach  mantles-  After  a  metal  filament  is  squirted  it  must 
hold  together  until  it  is  heated  ta  a  tumperature  high  enough  to 
sinter  the  particles  together  and  make  the  filament  into  a  sort  cf 
wire*  Obvioui^ly  it  must  be  difficult  to  make  very  fine  filaments  in  this 
way ;  and  ver}-^  fine  filaments  are  necessary  for  reasonably  high  pres- 
sures. If  the  agglntinant  is  carbon  there  is  a  chance  of  its  being  taken 
up  by  the  metal  and  either  making  the  carbide  or  reducing  the  melting 
point,  just  as  carbon  reduces  the  melting  point  of  iron  or  manganese. 

Squirting  a  mixture  of  oxide  and  carbon  and  then  electrically 
heating  to  get  metal  does  not  look  promising^  because  the  resulting 
filament  will  probably  contain  carbon,  or  be  a  carbide,  or  else  the 
metal  will  be  only  a  sort  of  framework*  as  the  volume  of  the  metal 
must  be  less  than  the  volume  of  the  oxide  plus  enough  carbon  to 
reduce  it.  Such  a  filament  will  have  a  large  diameter  for  a  given 
weight  of  metal,  and  will  most  likely  be  very  weak. 

It  may  often  be  easier  to  squirt  a  very  line  filament  of  pure  oxide 
than  of  metal  powder.  The  oxide  can  then  be  reduced,  in  many  cases 
in  hydrogen  or  even  carbon  monoxide,  without  forming  carbide.  In 
some  cases  I  have  found  very  fine  **  impalpable  "  powders  can  be  made 
by  calcining  such  salts  as  the  oxalates.  Prolonged  kneading  has  a 
marked  effect  on  the  extrudibility  of  many  pastes.  A  paste  is  much 
improved  by  being  worked  for  hours  in  a  small  Ffleidercr,  or  by  more 
powerful  kneading.  The  corners  of  the  particles  seem  to  be  ground 
off  by  attrition.  If  one  steps  on  wet  sand  whose  particles  arc  sharp, 
the  sand  just  round  the  foot  looks  dry,  because  the  particles  are 
moved  out  o(  their  compact  position,  and  constrain  one  another 
so  that  the  interstitial  spaces  arc  rucr eased,  and  the  water  is  thus 
mopped  up  and  drawn  from  the  neighbouring  sand.  On  raising  the 
foot  the  sand  sinks  back  into  compact  positions,  and  looks  wetter  than 
even  The  same  thing  is  noticed  on  a  small  scale  w^ith  (unboiled) 
starch  paste.  The  action  h  very  marked,  and  starch  and  w^ter  will 
not  scjuirl  well  Gum  tragacanth  may  act  partly  as  a  smooth  cushion 
which  prevents  crystaUine  or  angular  particles  locking;  but  prolonged 
kneading  appears  to  grind  off  the  corners,  ^M 

A  filament  made  by  reducing  a  paste  of  oxide  with  hydrogen  is  anV 
more  likely  to  be  dense  and  strong  than  one  which  had  the  reducing 
material  in  its  tKxly  in  addition. 

The  method  of  making  a  squtrted  filament  of  oxide  and  reducing 
it  by  running  it  as  a  Ncrnst  lamp  in  paaio  is  troublesome^  and  does 
not  give  much  promise  of  supplying  long,  thin  filaments.  If  you 
consider  the  length  and  diameter  of  the  Nernst  rod  for  roo  volts,  and 
compare  it  with  a  tantalum  wire  for  the  same  pressure,  it  is  evident 
that  the  method  is  almost  hopeless.  A  wire  the  length  of  a  tantalum 
lamp  filament  and  approximately  of  the  same  diameter  could  not  tw 
made  of  oxide,  and  could  not  be  run  as  a  Nernst  filament  with  any 
reasonable  pressure  if  made. 
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Though  metal  filaments  have  been  referred  to  so  far,  it  must 
be  remembered  that  there  is  no  reason  to  limit  the  possible  conductors 
to  elements.  To  begin  with^  we  have  the  fir^t  of  the  new  lamps,  the 
Nern^t^  made  of  oxides.  The  Nernst  is  now  so  well  known,  and  in 
such  extended  commercial  use,  that  there  is  no  need  to  say  very  much 
about  it.  The  stick  of  oxides,  or  glower,  as  it  is  generally  called,  has 
such  a  high  specific  resistance  that  it  need  not  be  long  and  thin  to 
meet  ordinary  conditions.  On  the  other  hand,  the  rods  cannot  be 
made  very  thin,  as  the  oxide  is  soft  when  hot,  and  is  fragile  when  cold. 
The  smallest  rods  made  are  for  0^25  ampere.  On  100  volts  these 
give  about  16  candles.  The  makers  do  not  make  rods  to  take  0*135 
ampere  so  as  to  give  16  candles  on  200  volts.  As  the  lamp  requires  a 
beater  to  start  it,  and  an  electromagnet  to  put  the  heater  out  of 
circuit,  and  a  series  resistance,  or  "  ballast/'  it  has  always  appeared  to 
me  the  real  held  for  the  Nernst  is  not  in  competition  with  the  i6*Gandle 
carbon  incandescent,  but  in  the  region  of  50  to  500  candles.  The 
proportion  of  cost  of  the  electromagnet,  the  resistance,  and  the  beater 
is  smaller  in  this  case,  and  there  is  a  more  open  field  in  competition 
with  small  arcs  and  Welsbach  mantles, 

I  do  not  know  what  the  Nernst  glowers  are  made  of  now  ;  they 
used  to  be  a  mixture  of  yltria,  or  '*  yttrite  earth/'  with  zirconia,  and  it 
is  probable  tlic  same  or  a  similar  mixture  is  still  used*  It  is  not 
difficult  to  analyse  the  rod,  but  it  is  not  worth  while  unless  the 
Institution  really  wants  to  know.  There  may  be  a  very  large  field  for 
improvement  here,  The  conditions  are  that  the  rod  should  stand  a 
high  temperature  without  getting  too  soft,  and  it  should  begin  to 
conduct  at  a  low  temperature,  so  thai  starling  should  be  easy,  Nernst, 
no  doubt,  went  over  the  ground  pretty  thoroughly  in  the  first  instance  ; 
but  there  arc  so  many  possible  combinations  that  it  looks  as  if  there 
might  be  room  for  further  j^ood  work.  On  the  other  hand,  the  lamp 
is  of  course  patented,  so  there  is  not  much  encouragement  for  w^orkers 
to  make  improvements.  It  may  be  t hough t^  however,  that  it  would  be 
better  to  employ  some  black  substance,  such  as  some  oxides  or 
sulphides  which  conduct  even  cold,  so  that  preliminary  heating  might 
be  omitted.  It  is  a  very  curious  thing  that  there  does  not  seem  to  be 
any  such  black  or  coloured  compound  in  existence.  There  is  a  curious 
phenomenon  in  this  connection.  Some  black  or  dark  compounds,  such 
as  oxide  of  copper  or  oxide  of  vanadium,  made  in  the  ordinary  way 
conduct  well  when  cold,  and  can  be  heated  electrically  until  fused, 
when  they  continue  to  conduct^  of  course  ;  but  if  they  are  now 
allowed  to  cool  they  no  longer  conduct.  Heating  has  changed  their 
physical  or  crystaUine  state  in  some  way.  Both  oxides  of  copper  and 
vanadium  arc  far  too  fusible  for  lamps.  I  do  not  think  there  arc  any 
promising  sulphides.  Most  of  the  sulphides  are  easily  fusible*  As  to 
the  melting  points  of  the  tellurides  and  selenidcs,  I  am  sorry  to  say  I 
can  give  no  information,  as  1  am  not  at  all  well  acquainted  with  those 
_    i;om  pounds. 
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as  to  avoid  the  toss  by  convection.  The  glower  appears  to  conduct 
electrolytically  exactly  in  the  manner  of  a  fused  salt ;  and  it  would 
further  appear  that  with  a  direct  current  oxygen  would  be  formed  at  one 
terminal  and  drcotiititn  at  the  other^  and  that  in  a  few  minuter  the 
glower  would  t>e  entirely  reduced  to  zirconium  if  the  oxygen  were 
pumped  out  as  liberated-  What  really  happens  h  that  the  lamp  goes 
out.  It  does  the  same  in  an  atmosphere  of  coal  gas.  This  may 
be  because  the  zirconium  is  liberated  in  a  modification  which  does 
not  conduct,     I  will  return  to  this  question  presently. 

The  metals  may  now  be  discussed  in  the  order  given  by  the 
Periodic  Law. 

Titanium  is  a  metal  with  a  very  high  melting  point*  It  is  conipara- 
lively  plentiful,  especially  in  Scandinavia ;  at  least,  I  presume  it  is,  as 
some  years  ago  the  ow*ner  of  a  titanium  property  was  trying  to  find  an 
outlet.    I  could  not  suggest  any  at  that  time* 

Zirconium  is  said  to  fuse  fairly  easily ;  on  the  other  hand,  people 
are  said  to  make  lamps  of  it.  As  a  matter  of  fact^  it  is  not  easy  to  get 
such  a  metal  as  zirconium  pure,  and  it  is  quite  possible  the  melting 
point  is  very  high^  and  that  some  particular  alloy  that  w*as  really  toeing 
examined  melted  more  readily.  Nearly  all  the  melting  points  of  such 
metals  are  uncertain*  It  is  not  very  difficuit  to  separate  mconium 
from  other  metalsj  even  from  thorium^  if  trouble  is  taken  ;  but  the 
purification  by  precipitation  is  exceedingly  tedious,  as  the  hydrate  does 
not  filter  well.  In  addition,  it  is  difficult  to  remove  the  alkali  metals 
completely.  Zirconium  lamps  are  made  for  up  to  i  lo  volts  al  i  candle 
per  watt.  Whether  they  are  made  of  zirconium  or  its  carbide  1  do  not 
know.  Obviously^  if  zirconium  is  not  very  infusible,  lamps  cannot 
be  made  of  it.  Zirconium  carbide  I  know  from  experience  stands 
a  high  temperature. 

Cerium  is  said  to  have  a  low  melting  point — below  silver,  in  fact — 
and  is  therefore  probably  useless.  I  must  repeat,  however,  that  it  is 
very  difficuU  to  get  such  metals  pure.  Cerium  is  very  difficult  to  get 
approximately  pure,  as  it  is  apt  to  contain  other  metals  from  the  same 
group  of  earths.  It  is  ductile*  I  do  not  know  if  a  fine  wire  would  be 
oxidised  quickly  on  exposure  lo  air.  An  alloy  of  cerium  and  iron  makes 
sparks  when  filed  or  scratched  ;  so  tt  is  probable  cerium  would  be 
difficult  to  work  into  fine  wires  in  the  moist  air, 

Tharium.^-Thh  metal  has  probably  a  very  high  melting  point. 
Thorium  is  in  great  demand  for  gas  mantleSj  and  the  demand  has 
created  a  good  supply,  so  there  would  be  plenty  for  making  filaments, 
I  have  tried  running  a  thorium  *'  Nernst "  glower  iff  vacuo.  It  can  be 
started  either  by  coating  with  platinum,  by  dipping  in  chloride  and 
heating,  or  by  a  Ruhmkorfif  coil  A  direct -current  electrolyses  it  too 
quickly,  and  an  alternating  too  slowly,  so  I  superposed  one  on  the 
other  wiihout  the  companies  making  any  objections. 

After  some  lime  the  rod  conducts  when  cold,  and  apparently  con- 
sists largely  of  thorium,  but  there  is  difficulty  wnth  the  connections. 
This  method  is  applicable  to  the  reduction  of  a  large  number  of  oxides. 
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Boron, — Some  work  has  been  done  on  coating  carbons  witli  boron, 
bat  I  have  never  b€a.rd  that  it  was  successful,  Neitber  do  I  know  if 
boron  conducts  at  alL  Of  course^  many  bodies  that  are  realiy  con- 
ductors will  not  conduct  when  they  are  in  tbe  form  of  fine  powder, 
unless  the  powder  is  strongly  compressed* 

Sitican.^ln  the  early  days  of  the  carbon  Lamp^  silicon  was  regarded 
as  a  possible  rival,  and  some  work  was  done  on  it.  I  do  not  know  the 
result.  The  tetrachloride  of  silicon  is  a  volatile  liquid.  I  remember 
trying  to  deposit  silicon  on  carbon  filaments  about  twenty  years  ago  by 
heating  them  electrically  in  an  atmosphere  of  gas  and  si! icon  chloride, 
the  idea  being  that  the  hydrogen  of  the  gas  would  take  the  chlorine, 
and  the  carbon  would  get  coated  with  silicon,  I  got  no  results.  Much 
work  has  been  done  on  these  lines  since^  but  1  have  not  heard  of  any 
satisfactory  result ;  and  I  have  no  reason  to  suppose  they  made  better 
tamps  than  pure  carbon.  Of  course^  si h con  deposited  on  carbon  might 
form  a  coating  of  silicon  carbide.  Carbides  were  not  in  fashion  in 
those  days,  and  it  never  occurred  to  me  to  look  for  them.  Some  years 
later  a  great  deal  of  work  was  done  on  deposition  of  silicon  from  the 
chloride  by  Lan^hans, 

In  old  days  silicon  was  not  a  familiar  substance,  and^  even  if  you 
made  it^  there  seemed  to  be  no  way  of  making  it  into  Elaments.  Now 
it  is  a  commercial  article,  Bnt  this  does  not  help  us  much,  as,  accord- 
ing to  modern  authorities,  it  is  fusible  at  too  low  a  temperature  to  be 
any  use  in  this  connection. 

Vanadium, — This  seems  a  likely  metal^  but  the  fusing  point  is  not  at 
present  known.     It  is  not  expensive, 

Nwbium, — Very  little  is  known  about  the  physical  properties  of  this 
metal.     It  probably  resembles  tantalum  pretty  closely. 

Didynuum.—Thh  has  been  separated  into  praseodymium  and 
neodymium  by  Welsbach  ;  so  the  melting  point  of  didymium,  if  deter- 
mined, would  only  be  that  of  an  alloy*  Didymium  can  only  be 
separated  into  its  elements  by  %'ery  long  and  tedious  fractionation,  and 
it  is  therefore  practically  impossible  to  get  the  metal  pure  enough  to 
have  a  high  melting  point,. 

Tantalum  is  an  exceedingly  hard  metal,  and  in  its  pure  state  is 
ductile,  I  do  not  know  that  any  one  knew  it  was  ductile  before 
Uessrs,  Siemens  &  Halske's  chemists  tackled  the  matter.  It  was 
generally  known  as  a  powder  only,  It  has  a  specific  resistance  of 
16^5  microhm  centimetres  cold,  or  about  85  at  the  temperature  of  a 
lamp.  It  has  a  high  tensile  strengtli,  namelyi  93  kg.  per  sq,  mm.,  or 
59  tons  per  sq.  in. 

It  is  drawn  into  wires  of  0^05  down  to  0*035  '^tn, ;  the  large  wire 
gives  2S-c.p,  lamps  on  110  volts.  Such  a  lamp  has  a  filament  65  cm*, 
or  25i  ins,  long,  and  a  pound  of  tantalum  will  make  20,000  of  these 
Lamps  (Bohm).  The  tantalum  is  melted  in  an  electric  arc  or  furnace, 
and  tbe  ingots  are  heated  red,  and  hammered  into  sheet,  and  the  sheet 
IS  drawn  down  into  wire.  Whether  it  is  drawn  plain,  or  by  a  special 
method^  there  is  no  information.    The  metal  is  so  hard  that  a  diamond 
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drills  run  at  5,000  revoltitioiis  per  minute  for  three  days  and  three 
nights  without  slopping,  onJy  made  a  depression  of  a  quarter  ot  a 
millimetre  or  so.  This  experiment  has  been  quoted  a  good  deal,  but 
one  would  Uke  to  know  the  state  of  the  diamond  drill  1 1  may  have 
lost  its  teeth  in  the  tirst  half-minute,  Mesi^rs.  Siemens  &  Halske 
intend  to  make  various  nses  of  the  marvellous  properties  of  tantalum, 
and  we  will  probably  soon  have  tantalum  pens,  drills,  cutting  tools, 
unox [disable  springs,  and  other  desirable  objects. 

Messrs.  Siemens  Sl  Halske  do  not  recommend  their  lamp  for  alter- 
nating currents,  and  it  cannot  therefore  be  as  good  as  on  direct -current 
circuits ;  but  it  runs  on  alternating  currents  very  well,  though  perliaps  not 
as  long.  On  the  other  hand  it  is  said  that  the  ahernating  current  alters 
the  physical  nature  of  the  wire,  rendering  it  brittle,  so  that  it  breaks,  not 
by  fatigue,  but  by  any  slight  shock  it  happens  to  get.  The  Ncrnst  lump 
has  shown  peculiarities  in  this  connection.  Some  glowers  will  run  with 
direct  and  not  with  alternating  currents,  and  some  with  alternating  only. 
Direct  current  glowers  also  go  wrong  if  the  poles  are  changed.  These 
mysterious  properties  of  the  Nernsl  do  not  seem  to  have  anything  lo 
do  with  the  behaviour  of  the  tantalum  lamp,  however,  but  all  the  same 
there  may  be  something  in  common.  It  is  said  that  the  makers  ha%x 
now  overcome  the  aversion  of  tantalum  lamps  to  alternating  circuits. 
I  have  heard  of  tantalum  lamps  running  on  the  County  of  London 
alternating  circuits  for  over  600  hours  with  no  failures.  The 
breakages  may  be  due  to  the  trembling  action  due  to  the  repulsion  of 
the  wire  near  the  bends.  This  will  most  likely  be  overcome  by  making 
the  Eigii  and  the  nags  so  that  the  wire  does  not  come  close  to  itself* 
At  present  they  are  very  acute  angles.  The  wires  arc  often  in  move- 
ment through  a  sort  of  Trevelyan  rocker  effect  at  the  points  of  contact 
of  the  wire  with  its  numerous  supports. 

Chrontmm  is  largely  used  in  making  chrome  steel,  but  the  metal 
itself  is  not  often  seen.  It  can  be  reduced  from  its  oxide  by  aluminimn- 
Its  melting  point  seems  to  be  high.  I  know  of  no  work  done  on 
chromium  lilaments 

Molybdenum  is  very  similar  to  tungsten,  and  unless  the  melting 
point  is  lower  than  that  of  tungsten,  we  shall  probably  soon  have 
molybdenum  lamps.  The  trioxide  (the  anhydride  of  molybdic  acid) 
is  volatile,  and  might  therefore  be  used  for  deposition  of  molybdenum 
on  a  cartion  filament,  so  as  to  replace  it. 

Tungiten  is  a  very  hard  and  l>rittle  metal,  which  is  sold  in  the  form 
of  a  black  powder,  or  as  ferro^ungsteu.  It  was  for  a  long  time 
considered  infusible,  but  the  electrical  furnace  showed,  of  course,  that 
it  could  be  melted*  The  powder  is  difficult  to  squirt,  even  mixed 
with  a  good  deal  of  tragacanth.  Kuzet  has  invented  what  seems  to  be 
an  admirable  way  of  getting  over  the  difficulty*  He  gets  the  tungsten 
in  the  form  of  an  exceedingly  fine  powder  by  employing  a  method 
that  was  used  by  Bredig  for  getting  what  is  known  as  colloidal 
platinum.  An  arc  is  made  la  play  under  water  between  tungsten 
electrodes,  and  this  is  said  to  produce  a  very  finely  divided  form  of 
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tnetaL  Thi^  h  collected  and  worked  up  into  a  stiff  enough  pasle 
and  squirted.  Tungsten  is  not  an  expensive  metal*  so  the  only  cost 
is  in  making  the  filaments.  Whether  the  filaments  of  this  paste  can  be 
squirted  so  as  to  be  fine  enough  for  200  volts  will  be  a  matter  for  the 
future  to  decide. 

There  have  bccji  processes  proposed  or  w^orked  in  which  carbon 
Is  heated  in  a  vapour  of  a  volatile  tungsten  componndp  such  as  the 
trichloride,  or  oxychloride,  in  the  presence  of  hydrogen.  If  the  reduc- 
tion in  the  case  of  a  chloride  is  due  to  the  hydrogen,  thus  involving  no 
oxidation  of  the  cart>on,  a  filament  must  be  obtained  of  carbon  coated 
with  tungsten,  or  of  carbide  of  tungsten  ;  but  if  there  is  any  oxygen 
involved  in  the  reduction*  as  in  the  case  of  the  oxychtoride,  the  carbon 
is  burnt  out,  and  the  restiU  is  a  filament  of  tungsten. 

UraniurtK — It  is  doubtful  if  the  melting  point  is  sufficiently  high. 

Puth^miim  is  like  osmium,  but  is  said  to  fuse  at  a  slightly  lower 
temperature, 

Palladium  is  the  most  fusible  of  its  groups  and  is  therefore  useless 
for  lamp  filaments* 

Osmium  is  a  crystalline  metal  which  cannot  be  drawn  into  wire, 
tl  is  very  hard,  scratching  quartz.  The  Wehbach  osmium  lamp  is 
said  to  be  produced  by  making  a  paste  of  finely  divided  osmium  and  an 
organic  binding  material,  and  squirting  it.  The  filaments  are  then 
baked,  and  heated  electrically  to  a  very  high  temperature  to  eliminate 
the  carbon.  The  osmium  lamp  so  far  produced  is  for  low  pressures, 
as  might  be  expected »  but  it  has  a  very  high  efficiency. 

To  make  lamps  of  osmium  must  be  an  exceedingly  difficult  matter, 
or,  at  any  rate,  the  problem  of  how  to  make  them  must  have  been  very 
troublesome  to  solve.  Apart  from  the  metal  being  very  hard  and 
infusible,  it  oxidises  in  the  air  if  very  fine,  though  this  oxidation  does  not 
lake  place  if  the  fine  powder  has  been  heated  to  a  high  temperature. 
The  peroxide  of  osmium  formed  is  very  poisonous.  It  gives  off  enough 
vapour  at  ordinary  temperatures  to  cause  much  trouble,  and  especially 
to  injure  the  eyes  very  seriously.  This  oxide  might  he  used  for 
replacing  a  carbon  filament  with  osmium.  Mo  doubt  that  has  been 
tried.  The  osmium  was^  I  think,  the  first  of  the  new  metal  lamps,  and 
was  invented  by  Auer  von  Welsbach.  It  is  made  up  to  75  volts  with 
40  candles  by  the  Vienna  firm,  now  the  Westinghouse-Metallfaden- 
Gluhlampfabrik,  but  100-130-voU  lamps  of  only  32  candles  are  supplied 
by  the  General  Electric  Company  of  this  country.  The  rated  efficiency 
IS  o'B  candle  per  watt. 

The  o^mmm  wire  is  said  to  be  2&  small  as  oro^  mm.  diameter^ 
which  is  rather  less  than  the  finer  tantalum  wire. 
I  There  is  some  doubt  whether  the  lamps  known  as  osmium  are  made 

K  of  osmium  or  an  alloy  of  osmium  with  tungsten.    Tungsten  is  a  curious 

■  mcrtaJ,  and  it  i%  not  very  easy  to  get  into  alloys,  but  it  may  alloy  with 
I  o§mitim  perfectly  for  all  I  know  to  the  contrary. 

■  Iridmm  i*  a  very  hard  and  brittle  metal.     Iridium  lamps  are  being 

■  itDdied  by  Gtilcher.      He  maces  a  paste  with  an  organic  binding 

■  Vol.  n.  1^ 
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material,  and  squirts  it.  The  filaments  are  then  heated  electrically 
until  the  carbon  is  burnt  out  and  some  particles  of  metal  have  sintered 
together.  This  lamp,  like  other  metal  lamps,  labours  under*  the 
disadvantage  of  being  only  for  low  pressures.  It  would  seem  that 
squirted  metal  filaments  arc  less  likely  to  be  made  fine  than  those  made 
from  drawn  wire. 

The  carbides  of  the  various  elements  remain  for  discussion.  It  is 
difficult  to  know  which  have  high  enough  melting  points.  A  great 
many  are  said  to  be  transparent,  and  are  therefore  non-conductors. 
Among  these  arc  the  carbides  of  aluminium,  cerium,  lanthanum,  lithium, 
silicon,  thorium,  and  yttrium.  A  great  many  decompose  water,  or  are 
acted  upon  by  the  moisture  of  the  air.  This  would  make  it  very 
difficult  to  make  lamps  of  carbide  of  aluminium,  barium,  calcium, 
cerium,  glucinum,  lanthanum,  lithium,  manganese,  strontium,  or 
uranium.  Among  the  possible  carbides  are  those  of  boron,  chromium, 
molybdenum,  silicon,  titanium,  and  zirconium.  I  do  not  know  any- 
thing about  the  carbides  of  palladium,  tantalum,  or  tungsten. 

It  will  be  asked,  What  will  be  the  effect  of  these  new  lamps  on 
the  industry  ?  In  the  fust  place  they  will  increase  the  output  of 
stations,  just  as  macliinery  increases  labour.  But  there  is  more 
difficulty  in  foreseeing  the  result  of  high  efliciency  hampered  with  low 
pressure.  A  probable  solution  is  that  people  will  gradually  take  to 
using  large  lamps  taking  the  same  pressure,  and  about  the  same  power 
as  carbon  lamps,  but  giving,  say,  four  times  the  light. 

As  to  the  lamp-making  industry,  one  might  prophesy  without  much 
danger  that  the  present  makers  will  merely  alter  their  manufacture 
and  make  metal  lamps.  This  will  pay  inventors  better,  because  the 
existing  makers  have  their  commercial  organisations  and  their  facilities 
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Dr,  Harker's  work  m  preparing  the  table  shown  and  has  discussed  it  to 
some  extent,  1  wiU  call  on  Dr.  Marker  to  explain  the  tabic  a  little  more. 
After  lhat,we  have  a  number  of  gentlemen  with  as  who  have  come  from 
a  distance,  and,  if  time  permit?^,  I  hope  to  ask  them  to  speak. 

Dr*  J.  A*  Hakkkr:  It  would  be  possible  to  say  a  good  deal  on  this  Dr.  HarkwJ 
ircr>'  suggestive  paper  of  Mr.  Swinburne's,  but  I  will  endeavour  strictly 
to  limit  my  remarks.  Mr.  Swinburne  very  justly  complains  of  the 
lack  of  physical  data  regarding  a  great  number  of  the  bodies  he  is 
dealing  with,  but  he  shows  us  how  to  make  the  best  possible  use  of 
thoiic  we  have,  by  utilising  Mendelejeff's  periodic  system^  given  on 
page  216.  A  diagram  is  also  shown  giving  the  melting-points  of 
many  of  the  elements  on  the  absolute  f^caie.  For  some  time  I  have 
been  inter^^ted  in  the  physics  of  high  temperatures^  and  have  gradually 
been  accumulaling  material  for  a  paper  on  the  melting  and  boiling- 
points  and  proper tieii  at  high  temperatures  of  refractory  materials 
generally.  I  thought  it  would  be  of  interest  for  the  purpose  of  this 
discussion  for  members  of  the  Institution  to  have  in  the  form  of  a 
fair  I V  complete  table  what  was  known  regarding  the  melting-points  of 
the  elements  on  the  Centi|Trade  scale.  Only  within  the  last  six  years  has 
otir  scale  of  high  temperature  buen  at  all  definitely  investigated,  and  in 
my  opinion  there  is  still  great  tincertainty  attached  to  the  higher  tem- 
perature-measurements made  by  optical  methods.  In  our  work  at  tlie 
National  Physical  Laboratory  we  endeavoured  to  get  a  kind  of  "  bench- 
mark*'  for  use  in  the  preliminary  mapping  out  of  the  really  high-tempera- 
ture region  (at>ove,  s^iy,  1,500"  C)*  by  making  anewdeterminationfof  the 
melting' point  of  platimim.  I  cannot  now  go  into  detail,  but  it  will 
suffice  to  say  that  the  value  found  for  the  platinum  point  was  1,710° C, 
— 7^'  lower  than  the  old  accepted  value  of  Violle,  depending  on  a 
determination  made  twenty  years  ago.  This  lower  value  has  been 
confirmed  in  Germany,  and  even  though  subset|uently  it  may  be 
found  to  need  alteration,  if  we  know  that  a  substance  melts  a  hundred 
degrees  higher  or  lower  than  the  platinum  point,  it  will  be  easy  to  apply 
the  required  correction.  The  data  on  the  table  are  some  of  them  taken 
direct  from  the  papers  of  the  various  authors.  To  others  corrections 
have  been  applied  when  il  was  possible  to  revise  the  standard  points  on 
which  they  depend,  and  others  again  are  new  determinations  made  at 
tlie  Laboratory.  Boron  and  carbon  at  ordinary  pressures  do  not  melt 
before  volatilising.  In  Group.  4  titanium  melts  in  the  region  of 
3,500^  but  zirconium  is  quite  low  ( 1,300'* C),  cerium  still  lower,  while 
for  thorium^  whose  melting  point  is  undoubtedly  very  liigh,  I  can  find 
no  record  of  any  determination*  Didyniium,  which,  as  the  author 
points  oiit,  IS  the  next-door  neighbour  of  tantaluni,  and  therefore  inter- 
e^tlug,  has  been  spht  up  into  neodymium  and  pi-azeodyniium,  which 
both  melt  quite  Jow.  The  data  m  the  eighlh^grotip  are  many  of  them 
very  uncertain.  Iridium,  which  melts  above  2,000°  C,  gives  off  a  great 
deal  of  vapour  lar  below  this  temperature.  It  would  have  been  possible, 
ID  vitw  of  the  interest  of  lamp  makers  in  refractory  oxides  and 
canhifes .to .baycJi^da^  M^M^ ^^W^  9(  somejof  th^^ir, .uj^lting 
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|>oints.  There  are  quite  a  number  of  data  of  a  sortj  particularly  as  to  ^f.  Hari 
relative  refractoriness.  There  are  two  questions  I  should  like  to  a^k 
the  author  as  an  experi  men  tali  st  of  wide  experience.  First,  Can  he 
tell  us  anything,  or  refer  us  to  any  literature,  regarding  the  methods 
Adopted  in  diiicuit  wire  drawings  such  as  is  necessary  when  a  metal 
like  tantalum  is  made  into  filaments  I  Second,  Does  he  know  of  any 
really  refractory  material  that  can  be  said  to  be  an  insulator  at  very 
lugh  temperatures  ?  My  difficulty  has  been  to  find  a  refractory 
material  which  by  judicious  treatment  it  is  not  possible  to  make  into  a 
sort  of  Kern  St  tamp.  Almost  all  pure  oxides  conduct  fairly  well  if  only 
the  temperature  can  be  got  high  enough  to  start  them.  Some  kinds  of 
ordinary  porcelain  rod  are  fairly  easy  to  make  incandescent  by  their  own 
current,  and  I  have  succeeded  in  making  a  bit  of  ordinary  churchwarden 
pipe  run  as  a  lamp  for  half  a  minute  or  so  on  a  500- volt  circuit.  I  will 
CODClude  with  one  further  remark  and  an  experiment.  On  page  226  Mr. 
Swinburne  refers  lo  carbide  of  silicon.  The  best  known  carbide  of 
silicon  is^  of  course^  cartK>rundum.  This  material  squirted  into  Bla> 
ments  in  the  ordinary  way  conducts  slightly,  but,  in  the  coherent 
crystalJine  form^  quite  welli  and  its  use  as  a  lamp  filament  was  patented 
by  Sir  Joseph  Swan  some  years  ago.*  Its  resistance  falls  with  rising 
temperature*  But  as  a  lamp  of  really  high  efficiency  it  suffers  from  a 
disadvantage  which  the  experiment  I  propose  to  show  will  make 
evident*  At  about  i,qoo*C.  the  affinity  between  carbon  and  sihcon, 
whether  in  air  or  in  vacuo,  becomes  very  small,  and  a  hundred  degrees 
higher  the  silicon  distils  out  and  burns,  forming  a  cloud  of  silica  vapour 
leaving  in  a  few  moments  only  carbon  behind. 

Professor  Gisiiert  Kapp  :  I  have  tested  some  of  these  new  lamps.  I 
understand  that  carbon  and  Nernst  lamps  are  not  to  be  mentioned 
in  the  discussion,  but  perhaps  I  may  be  allowed  to  refer  to  them  as 
starting  points  to  compare  the  metallic  filament  lamps,  namely, 
0&mium  and  tantalum,  with  them.  I  found  that  the  osmium  and  the 
lantaJum  lamps  had  about  the  same  consumption  per  candle  ;  it 
mas  of  the  order  of  1*7  to  2  ;  and  the  Nernst  was  also  of  this  order. 
But  when  the  lamps  are  compared  with  regard  to  their  practical  use, 
to  which  the  author  has  drawn  attention  in  his  paper,  namely,  their 
use  on  a  circuit  which  cannot  be  kept  with  mathematical  precision  at 
the  same  voltage,  then  there  is  a  difference  between  these  lamps.  I 
have  taken  the  Board  of  Trade  latitude  in  pressure  of  4  per  cent,  up 
and  down.  Luckily^  electric  light  companies  do  not  as  a  rule  make  full 
use  of  this  latitude,  but  they  may  do  it,  and  a  ±  4  per  cent,  variation  in 
the  standard  pressure  is  therefore  a  convenient  basis  for  comparison* 
With  the  carbon  lamp,  a  rise  of  4  per  cent,  of  the  pressure  which  h 
written  on  the  glass  will  raise  the  hght  on  an  average  by  35  per  cent. ; 
ii  the  pressure  drops  by  4(per  cent,  the  light  drops  by  20  per  cent, 

*  A  speaker  ^t  Sk  Uter  9tAge  in  the  discussion  a^mcd  ti>  nikenterpret  %hm  rcmairk 
\o  the  1J$«  oi  cartK>runduni  aa  a  lamp  (lUnicnt.  What  1  iitattxl  was  that  it  would 
not  makf  a  **higti-efticiency'*  rtbrnefit  betiaitse  i(  run  at  i  nr  rj  watts  per  candle,  the 
iciuperatiirc;  of  the  mat4;riai  wuiiUt  be  too  near  its  dissocbtion  puint^  1  was  aware 
that  *t  bad  bctfii  asetl  UiV  lamps  oi  ijrdinary  eftiticijcy. 


280 


SWINBURNE  : 


[Jan.lOlh, 


rofessor 
app. 


The  tantalum  lamp  is  better  in  this  respect,  the  4  per  cent,  rise  of 
pressure  only  raising  the  light  18  per  cent.,  whilst  a  drop  of  4  per  cent 
decreases  the  light  by  only  12  per  cent.  The  osmium  is  between  the 
carbon  and  the  tantalum ;  the  figures  I  found  being  +  22  per  cent. 
with  the  higher,  and  —  18  per  cent,  with  the  lower  pressure.  I  am  sorry 
to  say  I  cannot  give  you  exjict  figures  with  regard  to  the  Nernst  lamp, 
but  it  is  worse  than  the  carbon.  Although  the  Nernst  lamp  is  very 
much  more  efficient  than  u  carbon  filament  lamp,  it  has  its  dis- 
advantages— the  disadvantage  of  being  more  sensitive  to  variations 
in  pressure.  It  has,  however,  one  advantage,  namely,  great  intrinsic 
brilliancy.  For  galvanometer  and  lantern  work,  and  in  fact  in  all 
cases  where  one  wants  to  focus  the  light,  the  Nernst  filament  is  a  very 
convenient  source  of  light,  because  it  gives  a  very  brilliant,  con- 
centrated light.  The  fact  that  the  Nernst  and  the  tantalum  have 
about  the  same  efficiency  is  surprising,  because  the  temperature  at 
which  they  work  is  not  the  same.  I  have  not  myself  made  tests  on 
the  temperatures,  but  taking  the  figures  which  were  determined  by 
Lummer  about  three  years  ago,  the  efficiency  of  the  Nernst  ought  to  be 
much  higher  than  it  actually  is.  Perhaps  I  might  be  allowed  to 
mention  the  way  in  which  Lummer  obtained  the  temperature.  He 
took  the  energy  curve  for  the  light,  and  determined  the  wave  length 
for  the  highest  ordinate.  The  product  of  this  wave  length  and  the 
absolute  temperature  is  a  constant.  For  the  "  black  body  "  this  constant 
is  2,940,  and  for  molten  platinum  (the  nearest  approach  to  a  perfectly 
reflecting  body)  it  is  2,630.  By  these  means  it  is  possible  to  calculate 
the  temperature  of  any  source  of  light  within  the  limits  pertaining  to  the 
black  and  reflecting  body.  We  do  not  know  whether  the  incandescent 
filament  has  to  be  classified  as  a  black  or  a  shiny  body,  but  we  know 
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lamp 5^,  modern  metallic  filament  lamps,  I  found  that  the  light  given  out 
was  very  nearly  as  the  third  powur  of  the  watts  put  into  the  lanip  ; 
for  the  carbon  it  was  as  the  27th  powcn  There  is  an  explanation  for 
this  discrepancy.  If  a  carbon  lamp  is  overrun,  the  lamp  detenoratcs 
while  the  experiment  is  in  progress,  and  this  may  account  for  the  re- 
duction in  the  exponent  from  3  to  27.  I  mention  this  fact  to  show  that, 
notwithstanding  this  discrepancy,  Guilleanme's  law  that  the  light  varies 
as  the  twelfth  power  of  the  temperature  may  be  accepted  as  approxi- 
mately correct*  If  we  put  i  per  cent*  more  power  into  a  lamp  w*e  get 
3  per  cent,  more  light.  With  carbon  lamps  that  has  been  long  known, 
but  with  metalbc  filaments  and  Nernst  lamps  it  was  not  so  obvious 
at  first  If  Guilleaume's  law  is  true,  then  the  Nernst  lamp,  having 
16  per  cent*  more  temperature  than  the  carbon,  ought  to  have  ri6 
to  the  eighth  power  more  light,  that  is  to  say,  it  ought  to  give  3'3  times 
as  much  light  as  a  carbon  lamp  which  takes  the  same  watts.  As  a 
matter  of  fact,  it  only  gives  about  2  times  as  much  light,  and  the 
qiiCbtion  is,  How  can  we  explain  this  apparent  falling  off  from  a  law 
which  w*c  saw  from  another  experiment  must  be  true  ?  I  believe  the 
explanation  hes  in  this*  that  part  of  the  power  goes  in  heating  the 
support  of  the  Jight*giving  iilamenl*  In  the  case  of  the  Nernst  lamp 
you  have  a  very  short  pencil  of  a  refractory  material  which  has  to  be 
held  fairly  close  to  a  china  plate,  and  has  to  be  surrounded  by  a  heating 
spirals  The  support  and  the  heating  spiral  take  away  a  good  deal  of 
tbe  heat  which  otherwise  would  be  utilised  in  the  Nernst  pencil ;  and 
although  the  Nernst  lamp  may  have  the  temperature  determined  by 
Lummerj  namely,  something  hke  2,300''*  it  will  not  give  the  light  in 
proportion  to  the  power  it  absorbs,  because  a  good  deal  of  the  power 
goes  to  low  temperature  heating*  That  heating  spiral  is  only  used  at 
first,  and  then  is  automatically  switched  out.  But  it  remains  in  close 
proxitnity  to  the  pencil  and  takes  heat  from  it.  Another  reason  of  loss 
is  the  ballast  resistance* 

Perhaps  I  may  be  permitted,  although  I  am  going  slightly  beyond 
the  hmits  of  metallic  filaments,  to  s^iy  a  word  about  the  question 
of  efficiency  of  lamps.  To  dcfmc  efficiency  on  a  truly  scientific 
basts  wc  ought  to  know  the  mechanical  equivalent  of  light  ;  but 
this  wc  do  not  know.  We  can,  however,  agree  on  a  basis  for 
contpnting  efficiency  if  we  6nd  in  nature  a  source  of  light  which, 
haring  a  low  temperature*  may  be  considered  to  have  an  efficiency  of 
100  percent,  I  have  gone  to  one  of  the  very  earliest  works  on  that  sub- 
jeci,  najtiely,  Langley's  and  Very  s  classic  research  on  *^  The  Cheapest 
Fonri  of  Light,"  ^  by  which  they  mean  the  light  ot  the  fire -fly* 
Langley  and  Very  look  energy  curves  of  the  fire -fly,  the  arc  lamp, 
sad  other  sources  of  light.  The  energy  curve  of  the  hre-fly  hes 
irttojly  within  the  visible  part  of  the  spectrum  ;  the  ratio  of  visible  to 
total  surface,  which  I  take  to  be  the  efficiency,  is  therefore  100  per  cent. 
By  ptammeter  I  determined  the  ratio  of  visible  to  total  surface  of  the 
energy  curve  of  Langley's  arc  lamp  and  found  this  to  be  3  per  cent, 
•  Fhit.  Mag.,  vol,  30,  1890,  p,  3O0. 
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Assuming  that  the  arc  lamps  used  in  those  days  took  about  i^  watts 
per  candle^I  think  that  is  a  fair  estimate  for  the  tamps  made  sixteen 
yeatrs  ago— I  found  the  following  efficiencies,  transEated  on  the  fire-fly 
basis.  The  Wetsbach  iti candescent  mantk  ha^  a  little  under  (  per  cent. 
efficiency.  The  carbon  filament  lamp  has  eilher  i"3  or  vS  per  cent., 
accordingly  as  it  is  a  long  life  or  a  short  life  lamp.  The  tantaJtim, 
according  to  the  test  of  which  1  ha%'e  previously  spoken,  has  2'5  per  cent* 
The  osmium  lanip  has  the  same  efiftciency.  The  ordinary  open  arc 
has  4*5  to  5  per  cent.  As  regards  flaming  arcs^  I  have  not  made  tcsl> 
myself,  but  taking  the  figures  published  by  Mr.  Pale  hell  in  Iht 
discussion  on  Mr.  Andrews's  paper  {fourfial,  voL  37,  1906,  p.  36),  I 
find  that  their  efficiency  varies  between  10  and  22  per  cent. 

The  President:  We  are  very  much  indebted  to  the  makers  of  a 
number  of  these  new  lanips^  who  have  organised  for  us  a  most 
interesting  exhibition  in  the  room  :  and  I  personally  am  more  indebted 
to  tbem  because  they  have  given  to  Mr.  Faterson,  of  the  National 
Physical  Laboratory,  permission  to  explain  here  a  number  of  tests  that 
he  has  been  making  of  these  lamps  during  the  past  six  or  nine  months. 
We  sliaUj  howeverj  in  view  of  the  time,  have  to  postpone  that  until  this 
day  week.  Professor  Thompson  has  kindly  arranged  for  us  a  small 
experiment,  and  I  now  call  on  him  to  show  it  to  us. 

Professor  Silvakus  P.  Thomi^ox  :  The  experiment  that  I  have 
arranged  cannot  be  shown  to  the  whole  audience.  It  is  simply  an 
exhibition  of  filaments  under  a  microscope,  and  therefore  will  have  to 
l>e  looked  at  individually  after  the  meeting  is  closed.  For  some  time 
in  my  house  at  Hampstead,  where  happily  I  enjoy  what  I  wish  every- 
body else  enjoyed,  100  volt  pressure,  I  have  been  trying  a  number  of 
metallic  lamps  in  order  to  gain  the  common  experience  of  a  house- 
holder with  lamps  on  a  circuit  in  everyday  use,  1  have  four  osmium 
lamps,  which  have  been  in  their  place  now  for  nearly  eighteen  months; 
not  one  of  them  has  blackened,  and  they  are  going  now,  1  have  had 
six  tantalum  lamps  since  August  last.  Two  of  them  arc  still  alive  ;  one 
of  them  on  the  table  here  is  dead,  and  blackened  a  good  deal  before  its 
death,  or  at  its  death,  and  three  others  have  gone  the  same  way.  It 
occurred  to  me  ttiat  it  might  be  worth  while  to  examine  what  had 
happened  where  the  wire  parted.  1  wanted  to  see  the  way  it  was 
broken  off,  or  fused  off,  or  what  had  happened,  1  therefore  took  to 
pieces  one  of  these  lamps,  and  put  some  of  the  bits  of  wire  under  the 
microscope,  1  have  a  few  microscopic  slides  here  prepared  in  that 
way  of  the  filaments  of  the  tantalum  lamps  and  some  carbon  lamps  for 
comparison.  What  astonished  me  very  much  was  the  entire  difference 
between  the  appearance  of  the  tantalum  wire  and  the  carbon  filaments* 
The  carbon  filaments  were  all  taken  from  old  dead  lamps,  and  they 
were  practically  all  goo<l  cylindrical  threads,  1  have  not  examined  any 
old  Edison  lamps  with  filaments  of  bamboo,  Bui  the  tantalum  lamp  is 
a  wholly  diilercnt  thing  to  look  at  under  the  microscope.  As  the 
members  will  see  for  themselves,  the  filament  looks  more  like  a  badly 
jointed  bamboo  rod. 
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Discussion  at  Meeting  of  January  17,  1907. 

Mr.  C.  C.  Paterson  :  We  have  long  wanted  a  general  survey  such 
as  this  paper  gives  of  those  elements  from  which  it  is  possible,  or  pro- 
bable, that  lamp  filaments  may  be  made.  For  reasons  which  he  has 
given,  Mr.  Swinburne  touches  but  lightly  on  the  way  the  new  lamps 
behave  on  life  test  both  as  regards  candle-power  drop  and  ability  of 
the  filament  to  withstand  rupture.  We  have  had  occasion  at  the 
National  Physical  Laboratory  from  time  to  time  to  carry  out  life  tests  on 
some  of  these  lamps,  and  I  am  able,  by  the  courtesy  of  those  for  whom 
the  measurements  were  made,  to  show  some  diagrams  which  embody 
the  results  of  these  tests  (Figs.  A,  B,  C,  D,  and  E).  It  is  probable  that  they 
represent  average  performance,  and  doubtless  lamps  would  be  found  of 
each  type  which  would  give  both  better  and  worse  results.  I  have  not 
had  occasion  to  make  tests  on  the  osmium  lamps,  but  have  some  figures 
for  "  Osram  "  lamps  up  to  about  200  hours.  The  figures  given  are  approxi- 
mately the  average  for  each  type  of  lamp.    The  lamps  compared  are 

Test  on  Incandescent  Lamps. 
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Initial  C.P. 
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Drop  in 
C.P.  after 
1,000  Hours, 
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Ncmst        

200 

25  M.  Hemisph.  C.P. 
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56 

70 

Metallised  Carbon  (B.T.-H.) 

100 

16  M.  Horiz.  C.P. 

2-8 

45 

20 

Tantalum 

no 

23  M.  Horiz.  C.P. 

1-9 

44 

35 

Zircon         

37 

48  M.  Horiz.  C.P. 

10 

50 

37 

Early  Lamp^  April,  1906. 

! 

1 

1 

,  Oaram        
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35 
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Generally  recognised 
figure  for  ordinary 
Carbon  Lamps  :-  - 

Carbon       

100 

16  M.  Horiz.  C.P. 

3-6 

57 

20 

„            ... 

200 

16  M.  Horiz.  C.P. 

1 

4*3 

69 

20 

ia  all  cases  those  with  the  lowest  candle  power  which  can  be  com- 
mercially made  for  house  lighting.  Although  the  Nernst  lamp  shows 
the  greatest  drop  in  candle  power,  it  must  be  remembered  that  it  is  the 
only  one  of  these  lamps  which  will  run  on  a  200-volt  circuit.  The 
zircon  lamp  is  of  the  earliest  type,  on  which  I  understand  there  have 
recently  been  great  improvements.    The  generally  accepted  figures  for 
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ordinary  carbon  filament  lamps  are  shown  at  the  foot  of  the  table  for 
the  purpose  of  comparison. 

The  column  of  total  watts  is  noteworthy  as  showing  that  although 
the  efficiency  is  high  the  candle  power  is  also  high,  which  causes  the 
total  watts  taken  by  all  the  lamps  to  be  of  very  much  the  same  order  of 
magnitude.  Another  interesting  point  connected  with  the  metal  fila- 
ment lamps  is  that  the  candle  power  only  varies  as  about  the   3*5 
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An  arrow  head  on  the  curve  shows  pdnt  of  f;dlure  of  a  lamp. 
Fig.  C. — Tantalum  Lamps— Life  Curves. 


power  of  the  voltage  instead  of  the  fifth  or  sixth  power  in  the  case 
of  the  carbon  lamps.  Although  the  author  expresses  the  belief  that 
within  a  reasonable  time  we  may  expect  to  have  a  i  watt  per  candle 
i6-c.p.  lamp,  the  difficulties  in  the  way  of  making  a  resilly  robust 
filament  of  this  size  seem  very  formidable,  and  one  cannot  help  thinking 
that  we  shall  for  a  long  time  at  least  have  the  200-volt  carbon  filament 
lamp  with  us. 
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37- Volt  Zircon  Lamps — Curve  showing  Variation  of  Candle  Power  and 
Resistance  with  Voltage. 
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An  arrow-head  on  the  curve  shows  point  of  failure  of  a  lamp. 
37- Volt  Zircon  Lamps — Life  Curves  (Average)  for  Six  Lamps. 
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Fig.  E.— Metallised  Carbon  Filament  Lamps — Life  Curves. 

Dr.  SiLVANUS  P.  Thompson  :  The  slides  I  have  to  show  have  been 
enlarged  by  microphotography  from  the  specimens  which  I  had  under 
the  microscope  last  week. 

My  attention  has  been  drawn  during  the  last  week  to  the  circum- 
stance that  in  the  EUctrician  for  December  19th,  Mr.  J.  T.  Morris, 
in  an  article  on  new  lamps,  mentioned,  in  illustration  of  this  fact  which 
he  had  independently  observed,  that  the  tantalum  filament  shows 
numerous  extraordinary  junctions.  The  filament  apparently  breaks  up 
and  joins  itself  without  ever  parting,  but  the  pieces  do  not  join  up 
accurately  ;  the  joints  are  badly  healed. 

A  piece  of  zii;con- wolfram  filament  from  a  |oo-volt  60- watt  lamp, 
one  of  those  which  was  actually  burning^here. in. the  room  last  week, 
but  wluch  gave  oiit  afterwards,  shows  no  such  kinks  ;  it  is  quite 
smooth. 

Dr.  ].  A.  Fleming  :  The  Institution  is  to  be  congratulated  on  having 
secured  from  Mr.  Swinburae  a  paper  dealing  so  fully  and  freshly  with 
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in  interesting  subject »  and  one  which  contains  so  much  thiit  is  provoc- 
l4ivc  of  dkcusiiiou,  Thu  general  impression  produced  by  tbe  paper,  I 
think,  is  the  great  importance  of  chemistry  in  relation  to  the  subject  of 
mcandescent  lamps*  It  i^  generally  supposed  that  electricity  affords  a 
special  field  for  the  application  of  mathematics,  but  the  paper  before  us  is 
I  conclusive  proof  that  the  substantial  prizes  arc  to  be  won  by  the  com- 
bination of  a  knowledge  of  chemistry  and  electricity.  The  tantalum 
lamp  is,  in  fact,  a  triumph  of  chemistry^  and  the  Nernjat  lamp  was  the  in- 
fention  of  an  eminent  chemist.  It  is  not  a  little  curious  that,  whilst 
Edison  and  the  older  inventors  began  by  working  at  metals,  platinum  and 
ridiuni,  and  even  tried  oxides  as  glowers  for  incandescent  lamps  before 
ftiey  came  to  carbon,  modern  inventors  have  had  to  go  back  to  metals 
ftnd  to  oxides  in  order  to  improve  upon  carbon.  The  fact  is  that  the 
Dlder  inventors  did  not  brjng  to  bear  upon  the  subject  the  amotmt  of 
chemical  and  electrochemical  knowledge  w^bich  the  more  modern 
temist  is  able  to  do*  Nothing  is  more  astonishing  in  reading  old 
f*atent  Specifications  than  to  notice  how  few  inventors  or  patentees 
Realised  the  properties  of  carbon  at  a  high  temperature^  and  that  it  can 
reduce  nearly  all  oxides.  The  President  has  restricted  us  to  the  dis- 
cission of  new  lamps.  I  presume,  how^ever,  it  is  not  out  of  order  to 
nstitule  comparisons  betw^een  the  new  and  the  old,  because  it  is  only 
n  that  way  that  we  can  arrive  at  what  is  new,  and  say  how  far  the 
aew  is  useful*  I  should  like,  in  the  first  place,  to  give  a  few  figures 
lliowing  the  relation  of  light  to  power,  current^  and  voltage  in  the  case 
>f  these  new  and  old  lamps.  These  figures  have  been  obtained  in  my 
aboratory  by  Mr  Upson  and  others,  and  are  very  instructive.  In  the 
Case  of  the  carbon  lamp  they  are  as  follows  : — 

Candle  power  oc  (current p'^^. 
,;  ,,      DC  (volts)^\ 

„       oc  (w-atts)"'^  to  3  '1 

U  is  obvious  from  those  figures  that  the  fact  can  at  once  be 
ieduced  that  within  the  limits  over  which  the  observations  run  we 
lare— 

Glower  resir.tance  oc  (current )^''^^. 

Rcnce,  the  last  exponent  bein;*  negative,  the  resistance  decreases  with 
rtsc  of  current. 

In  the  case  of  the  tantalum  lamp  the  following  are  the  figures  : — 

Candle  power  oc  (current/'". 

„        oc  (watts)'  -^7  to  ^*^ 

Since  tije  volt  exponent  is  much  les*  than  the  current  exponent,  it 
Hows  that  the  resistance  variation  is  positive,  or  that-— 

Glow^er  resistance  oc  (current) '''**^**. 
In  other  wotds^  the  rfsieUnoe  i increases ^ith  th^  curfent* 
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For  the  osmium  lamp  the  figures  are  i — 

Candle  power  oc  (current)^"-^. 
„  ,,       oc  (volts)*  *^5, 

,,       oc  (watts)'^\ 

rt  follows  from  thai  that — 

Glower  resistance  G5c  (current)'*"  ^*^^. 

It  is  obvious,  therefore,  that  in  alt  three  lamps— carbon,  tantalum^ 
and  osmitim — the  candle  power  varies  roughly  as  the  sixth  power  d 
the  current,  but  by  no  means  is  it  the  same  with  the  voltage.    The 
voltage  exponent  is  much  lower  for  the  metallic  lamps  than  the  carbon, 
varying  very  Uttte  more  than  the  fourth  power.     This  is  a  distinct  j 
ad  vantage  f  because  we  have,  or  arc  supposed  to  have,  constant  voltage 
from  our  supply  circuits.     Therefore,  what  w*e  are  concerned  with  is 
the  variation  of  candle  power  with  the  voltage.     Hence  it  appears  that 
a  positive  resistance  temperature  coeflTicient  is  an  advantage  in  keeping  ^ 
tiie  voltage  exponent  low.    We  ought,  thereforCj  to  try  to  obtain  a  larj^e  , 
positive  temperature  coefficient  for  the  material^  so  that  it  minimises  the 
effect  on  the  light  of  the  variations  in  voltage  to  a  larger  extent  than  in 
the  case  of  the  carbon  lamp.     Next^  as  regards  the  electronic  discharge 
across  the  legs  of  the  carbon  when  the  carbon  lamp  is  worked  on  a  j 
con tinu ©US-cur rent  supply,  one  of  the  difficulties  of  making  a  high* 
voltage  carbon  lamp  at  lirsl  was  this  discharge  across  from  the  negative 
to  the  positive  legs.    Cartjon  is  a  niaterial  in  which  this  electronic  dis- 
charge is  particularly  large.     It  may  amount  to  as  much  as  i  ampere : 
per  square  centimetre  of  surface  at  the  temperatures  at  which  we  work 
in  carbon  lamps.     As  I  showed  in  1890,  it  is  very  much  less  in  the  case 
of  metals,  and  therefore  in  metal  wire  lamps  the  same  difihculty  does 
not  present  itse!f .    On  the  other  hand,  against  this  we  have  the  difficulty 
of  obtaining  small  candle  power.     The  8-c*p*  300-volt  carbon  lamp 
and  the  5-0. p.  2 00- volt  carbon  lamp  are  distinctly  valuable  possessions, 
and  the  running  of  two  or  more  8-c.p.  lamps  in  series  is  by  no  means  ' 
an   equivalent.     My  memory  goes   back   now  in  these  matters  as  far  | 
as    1882  (and  probably  the  author's  as  welt),  to  the  early  days  of  | 
electric    lighting  and    the    first  Crystal    Palace    Exhibition*     When  j 
Edison  produced  his  i6-c.p.  loo-volt  lamp  it  was  considered  a  great  ' 
achievement.    Then  we  asked  for  B  c.p.,  and  the  only  way  he  could  do 
it  was  by  cutting  the  i6-c,p.  filament  in  two,  but  it  was  some  time 
before  the  100- volt  S-c.p.  lamp  was  achieved.    Another  point  that  may  ! 
be  made  against  the  new  metallic  lamps  of  vent'^  high   temperature  is  1 
this.     In  the  case  of  the  very  high  temperature  glow  lamps,  as  most 
of  us  saw  on  the  last  occasion,  there  J5i  a  paralysing  effect  upon  the 
retina,  due  to  the  intense  brill iajice  of  the  filament.    The  eye  directs 
itself  towards  the  lamps,  and  the  moment  one  looks  at  the  lamps  and 
then  looks  away  at  something  else,  aJthough  the  light  tuay  be  brighter 
and  more  efficient  one  is  not  so  well  able  to  see  surrounding  objects- 
Tbe  common  cure  for  this  is  to  sand-bJast  the  lamp  biilb,  or  to  put  it 
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uto  a  groiind*gEass  globe.  In  so  doing  we  lose  the  advantages  gained  or 
ly  the  greater  eflftcicncy.  We  manufacture  light  at  the  rate  of  i^  watts  ^*'*"**'' 
candle,  and  then  reduce  the  radiation  to  3  or  4  watts  per  candle 
|Hiwer  by  the  !»hade.  Again ,  the  power  oi  worl^ing  lamps  in  a  horizontal 
|>osition  is  a  very  great  advantage  to  the  user.  The  common  method 
of  hanging  head  downward ss  is  ridiculous,  In  the  case  of  the  ordinary 
16  c.p»p  the  light  emission  is  not  more  than  9  c.p.  in  the  axis  direction, 
and  in  the  ordinary  pendant  a  notable  diminution  of  light  occurs  in  the 
downward  position*  ^It  is  perfectly  easy  to  remedy  that  by  a  It t tie 
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Flc  R— Adapter  for  working  Glow  Lamps  hortJionlaHy  in  ordinary  Pendant 

Holders. 

C   pf  odaol  Cord,       S.S,  Shade- 
H.  lirdJturv^  U.C.  SnckcL 

t.  F.  k  h  llic  Speil:iJ  Vmiag  whkti  carrier  the  Lamp  L  in  a  hotbnntal  J>aiitl*in,  inale^id  of 
ImHlliig  It  btad  dvvrn'w^riLs,  aim  lO  nearly  doubly  the  kllunikriaUajit  in  i  downw^d  dirci^tluu. 


mtachmenL  Instead  of  working  with  the  lamp  la  the  downward  posi- 
tion I  have  devised  a  s^hnple  fitting  to  enable  lamps  to  be  placed  with 
^xi%  horizontal  in  any  ordinary  cord  pendant  (see  Fig»  F). 

In  forming  an  estimate  of  the  commercial  future  of  these  (lew  lamps^ 
we  are  met  by  the  difficulty  that  most  of  the  tests  yet  published  have 
been  on  single  lamps,  or  on  a  few  lamps,  and  it  is  therefore  perfectly 
Einpo^ible  to  form  any  correct  notion  of  the  future  of  these  lamp^  on 
iuch  te^ts.  [  tmve  not  yet  seen  any  target  diagram  of  a  considerable 
liufnKer  of  tantalum  or  osmium  lamps  (they  may  exi^t,  but  they  have 
lOt  come  under  mv  not  ice  J  showing,  for  instance,  how  closely  a  lai^^ 
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number  of  lamps  can  be  made  to  specification,  or  actuatly  to  compJy 

with  their  nominal  or  marked  values.  That  ts  a  very  important  item 
in  estimating  the  commercial  future  of  the  lamps.  With  regard  to 
the  relative  life  on  alternating  and  direct  voltage,  the  author  has  given 
us  an  explanationj  which  may  |>ossibty  be  the  correct  one,  of  Ihe 
shorter  life  of  the  tantalum  lamp  on  alternating  currents,  namely,  the 
mechanical  stresses  due  to  the  attraction  and  repulsion  of  the  filament 
I  should  like  to  point  out  that^  as  regards  luminous  efficiency,  it  is 
possible  that  there  may  be  an  advantage  in  the  metallic  lamp  over  the 
carbon  lamps  when  using  alternating  currents.  We  know  that  the 
carbon  lamp  gives  the  same  light  whether  worked  with  continuous 
current  or  alternating  current,  having  the  same  root  mean  square 
value.  This  arises  partly  from  the  fact  that,  at  the  temperature  at  which 
we  are  working  the  carbon  lamp^  the  glower  resistance  has  become 
nearly  constant,  or  at  least  tias  a  very  small  decrease  with  increase  of 
current.  But  in  the  metallic  lamp  the  resistance  rises  with  increase  of 
current*  It  varies  very  nearly  as  the  cube  root  of  the  current.  There- 
fore, if  a  metallic  lamp  be  upon  an  alternating- current  circuit  where  the 
voltage  is  periodic,  during  part  of  the  period  the  metalhc  lamp  will  be 
taking  more  current  than  a  carbon  lamp  would  take  at  the  same  instant 
under  the  same  circumstances,  assuming  the  tw^o  take  the  same  maximum 
current*  The  lamp  is  therefore  receiving  a  greater  mean  power,  and 
would  probably  give  a  greater  mean  illumination.  I  should  like  to  see 
these  m^-surements  carefully  made*  It  is  possible  there  may  be  an 
advantage,  apart  altogether  from  any  questions  of  life,  in  the  working 
of  t  h  e  me  talli  c  filamen  t  lamponalternatingcircuits,  Mr^Swinb  urne  has 
prudently  rd^rained  from  making  any  prophecies  as  to  the  ultimate 
commercial  success  of  any  particular  type  of  metallic  glower  tamp.  In 
this  he  shows  his  wisdom  and  experience.  We  sometimes  bear  one 
invention  announced  as  sounding  the  death-knell  of  another,  but  those 
who  have  some  experience  of  the  past  history  of  applied  science  know 
that  inventions  do  not  always  destroy  each  other;  they  sometimes 
stimulate  one  another  to  longer  lives  and  greater  usefulness.  They  tind 
a  particular  field  of  usefulness  which  is  peculiar  to  themselves*  It  may 
be  so  in  this  case^  but  it  has  been  shown  that  a  vast  field  for  inven- 
tion still  lies  open,  and  one  full  of  promise^  in  connection  with  new 
incandescent  lamps. 

Mr.  M.  Solum  OX'  :  The  author's  paper  is  extremely  full  of  in* 
teresting  passages,  both  from  the  general  and  also  from  the  manu- 
facturer's point  of  view.  The  question  which  interests  us  most  is  the 
probable  effect  these  lamps  will  have  on  the  industry  generally.  We 
may  safely  say  that  wc  all  of  us  welcome  the  very  great  dcveiopracnl 
which  has  undoubtedly  taken  place  by  the  adaptation  of  metal  filaments 
to  electric  lighting;  but  I  think  if  we  examine  them  fairly  closely  we 
shall  sec  that  ihe  prospects  are  not  quite  so  rosy  as  we  may  have  been 
led  to  expect.  On  page  217  of  the  paper  some  very  interesting  curves  are 
given.  The  upper  curve  shows  the  melting-points  of  various  demcnLs 
and  the  bottom  curve  shows  the  specific  conductivity.     I  think  if  one 
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were  to  ask  whicJi  of  al)  these  elements  b  the  most  suitable  for  making  Mr 
Ump  fiUmctits,  one  would  be  obliged  to  answer,  from  a  priori  re;isotis,  ^^^^^'^^ 
carbocL  The  reason  b  that  it  not  only  has  an  extremely  high  melting' 
p<»nt— in  fact,  wc  have  not  melted  it  yet — but  it  shows  up  much  better 
on  the  bottom  curve  than  any  of  the  other  materials  which  are  being 
used.  It  has  an  extremely  high  specific  rcsiistance,  whilst  all  these  other 
eleiBents  have,  comparatively  speaking,  very  low  specific  resistances. 
In  searching  for  a  high  melting-point  we  have  rather  lost  sight  of  the 
importance  of  high  specific  resistance,  which  enables  us  to  get  a  lamp 
which  is  suitable  for  high  voltage  and  for  low  candle  power*  The  low 
voltage  of  the  metal  filament  lamp  is  without  doubt  a  very  serious 
drawback.  Remedies  have  been  suggested^  but  I  think  the  only  two 
worth  considering  are,  first,  that  central  station  engineers  should  change 
on  to  the  low-voltage  system  in  order  to  enable  these  highly  efficient 
lamps  to  be  used.  1  do  not  know  what  the  general  opinion  of  central 
station  engineers  is  on  this  point,  but  with  copper  standing  at  about 
^iio  1  fear  we  are  not  quitu  so  near  the  Millennium.  The  second 
suggestion  is  that  the  lamps  should  be  run  in  series*  Dr.  Fleming  has 
pointed  out  the  disadvantages  which  w^ere  found  when  this  was  tried 
with  carbon  filaments,  and  it  is  quite  clear  tliat  this  system  is  very  far 
Ifom  being  a  satisfactory  one.  ft  does  not  appeal  to  the  ordinary 
bouseholderr  as  it  considerably  adds  to  the  comph cation,  and  it  is 
not  at  all  fair  on  the  lamps.  If  two  himps  are  to  be  run  in  series, 
they  should  be  paired  as  accurately  as  possible  to  run  together. 
Although  the  makers  may  send  out  accurately  paired  lamps  in  the  first 
place,  when  one  of  them  fails  the  householder  will  take  a  new  lamp 
from  his  stock  and  put  it  in  without  measuring  the  voltage,  and  under 
those  circiimstances  it  is  very  unlikely  that  the  old  and  the  new  lamp 
will  match,  and  the  lamp  which  takes  the  lower  voltage  will  very  soon 
lail.  The  other  way  in  w  htch  the  low  specific  resistance  causes  trouble 
is  with  the  candle  power  of  the  lamps.  The  author,  in  his  paper,  and 
more  especially  in  his  remarks  at  the  last  meeting,  said  that  he  thought 
wc  should  change  to  higher  light  units.  Although  there  is  considerable 
evidence  that  the  general  public  will  make  that  change,  from  the  fact 
iKat  with  incandescent  gas  mantles  the  gcmeral  move  was  in  that  direc* 
tioii,  I  do  not  think  that  that  is  really  an  advance.  As  Dr.  Fleming  has 
laid,  we  want  the  8*c.p,  and  the  i6-c.p.  lamps.  I  think  electrical 
engineers  may  pride  themselves  on  having,  to  a  great  extent,  educated 
general  public  in  the  proper  methods  of  artificial  lighting ;  and 
dL^tribution  of  light,  by  using  small  units,  is  an  extremely  impor- 
tant factor  in  good  lighting.  If  we  are  going  to  adopt  50  c.p.  or  even 
15  c.p.  as  our  smallest  hght  unit,  it  seems  to  me  it  will  be  distinctly 
a  move  in  the  wrong  direction  from  the  general  point  of  view  of  the 
benefits  of  electric  lighting.  There  is  one  other  consideration,  namely, 
li^  il  we  are  going  to  adopt  these  large  light  units  and  these  low 
vollag^s,  then  it  will  be  found  that  the  metal  filament  lamp  is  not  so 
vciygrestt  an  advance  on  what  can  be  done  with  carbon  lamps.  We 
haAi  of  afl  *'  Osram  **  lamp  running  at  1-4  or  12  watts  per  candle,  and  a 
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tantalum  lamp  running  at  r8  watts  per  candle,  and  mentally  I  think  we 
all  compare  them  with  a  3f  or  4  watt  carbon  lamp.  But  wt-  da  not 
remember  that  Ihe  carbon  lamp  is  a  joo-volt  8-c.p,  or  aoo-volt  16-c.p., 
and  the  metal  filament  lam'p  is  only  loo-volt,  and  is  of  25  or  35  c. p.  If 
we  see  what  can  be  done  with  the  35-c*p.  loovoU  carbon  lamp  burning 
in  a  comparatively  large  bulb,  and  base  the  comparison  on  current 
prices,  then  with  a  ahort-hfc  high-effiGiency  carbon  lamp  one  could 
almost,  ii  nut  quite,  equal  the  tantalum  iainp. 

There  is^  one  other  point  I  should  like  to  mention,  and  that  is  in 
reference  to  the  burning  of  tantalum  lamps  on  alternating  current.  It 
is  very  interesting  that  the  tantalum  lamp  should  not  so  far  have  given 
satisfaction  on  alternating  current,  but  when  one  considers  that  the 
filament  is  a  pure  metal,  it  seems  that  it  can  only  be  mechanical 
difficulties,  or  difficulties  in  design,  which  prevent  this  result  being 
attained.  I  remember  very  well  when  we  were  working  in  this  country 
on  the  Ncrnst  filament  we  succeeded  in  producing  a  very  good  filament 
for  burning  on  direct  current,  but  by  no  means  could  we  get  that 
filament  to  burn  satisfactorily  on  alternating  currents  1/  1  recollect 
rightlj",  the  Westinghouse  Company  in  America  got  exactly  the  opposite 
result;  We  found  out,  however^  that  our  trouble  was  due  to  what 
might  ahnost  he  called  an  accident.  We  had  started  to  develop  the 
Nernst  lamp  in  Victoria  Street  on  a  220- volt  direct -current  supply,  and 
had  confined  our  attention  therefore  to  the  circuit  on  which  we  could 
test  the  lamps  most  easily  ;  but  we  ultimately  discovered  that,  by  an 
extremely  simple  alteration  in  the  process  of  manufacture,  the  filaments 
which  we  were  making  could  be  made  to  burn  equally  well  on  alter- 
nating current  as  on  direct  current  I  am  inclined  to  think  that  when 
more  attention  is  given  to  these  new  lamps  for  the  purpose  of  making 
them  suitable  for  all  circuits,  difficulties  of  this  sort  will  he  got  over.  It 
is  merely  a  question  of  careful  experiment,  which  1  feel  sure  will  yield  to 
persistent  attack.  The  last  thing  I  should  like  to  say  is  that  Mr.  Swin- 
burne, not  in  the  printed  paper,  but  in  the  remarks  he  made  at  the  last 
meeting,  seemed  to  he  under  the  impression  that  English  lamp  manu- 
facturers were  fast  asleep,  1  have  been  connected  with  the  Robertson 
I^amp  Works  for  the  past  four  years,  and  I  can  only  say  that  if  they 
are  fast  asleep  they  are  having  extremely  expensive  and  laborious 
dreams.  Perhaps  English  manufacturers  are  sufficiently  conservative 
not  to  wish  to  come  forward  until  they  are  confident  that  they  have  got 
the  right  thing  for  the  English  market,  but  1  do  not  think  it  al\i^^y$ 
follows  that  because  they  say  nothing  they  therefore  have  nothing 
to  say. 

Mr.  H.  HiHST :  Without  my  knowing  that  he  was  about  to  do  so, 
Mr,  Solomon  mentioned  one  point  on  which  I  wished  10  dwell.  Mr. 
Swinburne  last  week,  in  the  paper  which  he  read  in  this  room,  stated 
that  lamp  makers  in  this  country  were  indifferent  to  the  evi*lution  of 
the  incandescent  lamp  as  going  on  at  the  present  moment.  He  said 
he  did  not  understand  why  we  should  sit  quiet,  waiting  for  other 
countries  to  bring  us  new  inventions,  and  then  acquire  the  patents.   Mr, 
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Swinburne  cannot  possibly  be  informed  of  what  the  lamp  makers  are  Mr.  Hkit. 
doing  in  tbb  conn  try,  and  Mr.  Solomon's  remarks  indicate  that  some- 
thing is  doing,  Mr.  Swinburne  also  asked,  Why  do  not  lamp  makers 
get  hold  of  a  number  of  superior  students  and  engage  tbem  in  research 
work  ?  Has  it  occurred  to  Mr-  Swinburne  that  the  inventions  which 
be  has  put  before  us  this  evening  have  not  been  the  work  of  students 
m  electric  lighting  factories  I  Professor  Nernst,  who  made  the  first 
itep  in  this  dircctioUi  was  anything  but  a  student  ;  he  is  a  man  of  high 
scientific  standing  and  of  great  physical  and  chemical  experience.  Dr* 
Auer  von  We  1^ bach  arri%^ed  at  his  osmium  lamp  in  connection  with 
researches  in  quite  a  different  direction.  Kuzel  and  Just  Hahnemann, 
and  the  other  gentlemen  that  appear  before  us  in  connection  with 
these  tubleSi  are  anything  but  superior  students  ;  they  are  men  who 

I  are  ornaments  to  science  in  their  respective  countries,  I  believe  we 
have  in  this  country  men  of  equal  ability,  but  unfortunately  they  are 
generally  so  busy  in  the  Houses  of  Parliament  or  in  connection  with 
expert  work  in  the  courts  that  the  industry  is  deprived  of  their  services. 
Mr,  H.  D.  M us* KOI  I  am  afraid  I  cannot  add  very  much  to  the  Mr.  Munr.vl 
scientilic  know*ledge  on  the  subject  of  metallic  filament  lamps,  but  I 
have  incidentally  had  a  certain  advantage  in  experience  of  their  use 
jpiiich  I  think,  at  any  rate  as  far  as  regards  the  "  Osram  "  lamp,  may  be  of 
Kkme  intt:rest.  I  was  able  to  procure  some  information  about  the 
"Osram  ■  lamp  early  last  year,  and  saw  certain  curves  and  tests  in  con- 
nection with  rt  which  led  me  to  rely  on  it  for  street  lighting  purposes, 
especially  on  account  of  the  tests  which  I  had  seen  showing  its  relia- 
bility  on  certain  voltages.  Our  supply  at  Exeter,  from  where  I  come, 
is  alternating  at  loo  volts,  and  to  that  extent  we  have  an  advantage, 

II  have  been  able  to  use  these  lamps  now  for  about  three  months  for 
street  lighting  purposes,  and  they  have  given  a  great  deal  of  satis- 
faction. I  am  using  loo-c.p,  lamps  tixed  on  tramway  poles  40  yards 
apart,  and  they  are  giving  a  very  good  average  illumination  ;  in  fact,  it 
is  better  than  any  low  candle  power  illumination  that  I  personally  have 

I  seen*  In  spite  of  the  vibration  which  is  natural  on  a  tramway  pole, 
and  the  ordinary  variations  of  supply,  these  "Osram''  lamps  have  an 
average  lite  of  more  than  i  ,000  hours,  A  number  of  other  lamps  have 
now  t>cen  fixed  in  side  streets  of  the  50-c.p.  si^e,  and  they  are  averaging 
even  more,  up  to  1,200  hours  apiece.  When  I  say  1,000  or  1,200  hours, 
1  mean  the  time  up  to  which  their  effective  candle  power  is  with  in 
to  or  15  per  cent,  of  the  candle  power  at  which  they  started.  There 
are  something  like  2,000  of  these  lamp^i  in  use  at  Exeter  at  present,  and 
Ihe  result  is  practically  what  the  author  says  in  his  paper,  namely, 
that  the  consumer  has  decided  to  use  these  lamps  more  for  the  purpose 
of  getting  better  light  for  the  same  money  than  the  same  light  for  less 
money.  At  any  rate,  consumers  in  my  particular  area  are  using  all  the 
*'  Osram  '  lamps  they  can  get,  and,  as  far  as  I  ha%"e  been  able  to  ascertain^ 
tbc  results  arc  practically  the  same  as  I  have  obtained  on  the  street 
lightiJig,    This  is  only  a  three  months"  test,  but  it  is  at  any  rate  a  test 
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.ifimro.  I  think  it  is  extreiOi^ly  satisfactory.  As  regards  the  manufacture  of 
these  lamps  and  the  difficulties  that  may  arise  in  connection  with 
metalJic  filament  lamps,  I  have  brought  tip  a  few  samples  of  a  very 
peculiar  nature  which  are  now  on  the  table,  and  t  shall  be  glad  to  have 
the  opmion  of  some  one  v\ho  knows  more  about  the  chemical 
peculiarities  of  these  rare  metals  than  I  do.  They  are  a  very  small 
percentage  of  the  lamps,  but  they  show  a  number  of  very  curious  muld- 
colotired  deposits*  blue,  brown,  and  w^hite,  which  show  tliat  some  of 
the  difficulties  anticipated  by  Mr,  Swinburne  in  his  paper  occasionally 
occur  in  the  manufacture  of  these  mctalhc  filament  lamps*  As  regards 
the  tantalum  lamp,  I  have  the  same  experience  that  nearly  every  one 
has  with  alternating  currents.  Three  out  of  four  are  quite  a  failure, 
and  the  fourth  lamp  has  a  long  life,  which  is  ver>'  remarkable  when  the 
failure  of  the  other  lamps  is  considered.  1  take  it  that  the  information 
which  Dr.  Thompson  and  others  have  given  us  as  to  the  effect  on  the 
filaments  of  these  lamps  is  quite  a  sufficient  explanation  of  the  reason 
why  they  will  not  last  at  the  present  time  on  allernatjng'Curreiit 
circuits. 

Mr.  Val  H,  Mackinney  :  With  the  permission  of  the  menihers  I 
laekinney.    ^jj|   p^^   before   them   some   results  obtained  from  experiments  on 
metallic  filament  lamps  carried  out  last  year  in  tlie  Central  Technical 
College  at  the  suggestion  of  Professor  Ayrton. 

I  first  took  a  loo-volt,  25-c.p,  tantalum  lamp  and  a  5o*volt,  25-c.p. 
"  Osmi "  lamp,  ran  them  on  a  direct -current  circuit,  and  determined 
their  candle  power  for  varying  admuths  in  the  horizontal  plane.  The 
results  arc  embodied  in  the  curv^es  shown  in  Fig.  G.  For  the  *'  Osmi'* 
lamp  the  candle  power  was  uniform  in  all  liorixontal  directions  within 
3  per  cent,  of  the  maKimum  value^  and  in  the  case  of  the  tantalum  lamp 
within  5  per  cent. 

Next  four  lamps  were  taken,  one  new  and  one  old  tantalum  and  one 
new  and  one  old  ''Osmi/'  These  were  tested  under  similar  conditions 
for  their  distribution  of  light  in  the  vertical  plane.  The  ultimate 
standard  employed,  I  should  mention,  was  the  lo-c.p.  Harcourl  pen- 
tane  lamp.  The  results  obtained  are  embodied  in  the  two  diagrams 
(Figs.  H  and  I)-  In  all  these  diagrams  the  numbers  along  the  tiori- 
zontal  axis  show  the  ratio  of  the  candle  power  of  the  lamp  tested  to 
that  of  the  standard  employed.  From  the  data  which  the  curves  repre- 
sent I  Imve  calculated  the  mean  spherical  reduction  factor  for  each  of 
the  four  lampsv     The  results  arc  as  follows  :■ — 

Table  I. 


Lamp. 

M.SR.F. 

Tantalum 

5  New  (run  about  50  hours) 
1  Old  (run  about  1,000  hours) 
1  New  (run  about  50  hours) 
\  Old  (run  about  ijOoo  hours) 

078 

TOO 

084 
0-82 
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We  have  therefore^ 

New  tantalum  lamp,  M.S.C.P.  =  M*H.aP**  X  07S 

Old  tantalum  lamp,         „         ^^         ,,  X  1*00 

New  *' Osmi"  lamp!        <-         —         ♦»  X  0*84 

Old ''Osmi "  lamp,  ,,         =         ,,  X  a'Sa 

Dr*   Sharp  I   has  given   the  following   results   for  the  average  of 
ten  tantalum  lamps  : — 

Mean  spherical  reduction  factor  i  -  -  '^'       Z 

i  New  lamp,  0897 


50  O* 
&0P 


Mr. 


Fig.  G. 

A  perfect  comparison  cannot  be  made  between  our  results,  as  Dr, 

Sharp  did  not  stale  the  approximate  '*  age  '*  of  his  "  old  *'  lamps.     How 

evm,  my  results  fully  bear  out  Ms  statement  that  with  the  tantalum 

lamp  the  ratio  of  the  M.S^C.R  to  the  M.H.CP.  increases  with  age,  and 

therefore  that  it  must  be  remembered  that  the  M.S.C.P.  falls  ot  with 

age  less  than  might  be  concluded  from  measurements  of  the  M.H.C.P. 

*  M.HX.P.  refers  to  the  mean  horizorital  candle  ptjwcr. 
f  Bkctrimi  Worid,  vol.  47,  1906,  p.  1249^ 
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At  the  Central  Technical  College  wc  have  also  carried  out  some 
life  tests  on  tantalum  and  '*  Osmi  *'  lanips^  The  chief  portion  of  the 
work  was  done  by  two  of  our  third-year  students  (Messrs.  H.  G. 
BarkJey  and  P.  F*  Harris  i.  I  have,  however,  some  of  my  own 
observations  made  at  the  begmning  and  at  the  end  of  the  Hves  ol 
these  lamps,  and  I  will  compare  the  results  of  the  observations 
rnade  with  the  tantalum  lamps  with  Dr.  Sharp*  s  life -test  curves 
on  the  same  type  of  lamp."^     His  curves  are  the  average  of  twenty 


255°  ^_^  285^ 

Fig.  H, 


lani[^  tested  on  direct  current  at  rated  volts,  ours  are  the  average 

of  eight  lamps  tested  under  similar  conditions.  Taking  his  M.HX.P. 
curve,  we  find  that  it  starts  at  23*5  c. p.  (approjdmatety),  and  reaches 
a  point  over  31  c.p.  before  25  hours  have  elapsed.  This  great  rise 
ill  the  candle  power  at  the  beginning  is  probably  due — as  pointed 
out  by  Professor  Ayrton  and  Mr*  Medley  as  long  ago  as  ^894  in  their 

*  Abstract  of  a  paper  read  before  the  Amen  can  Institute  nf  ElectriL'sl  Engiiwen, 
K*>Vcnjhcj,  Ji/3^>;  Eie^iriiitil  Etigiiwnug^  vul.  i,  1^07,  p.  J07* 
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paper  entitled  '*  Tests  of  Glow  Lamps  **— to  a  change  in  the  surface  Mt. 
of  the  filament  causing  the  eniissivit>^  for  heat  to  decrease,  which  would  *^  ""*^' 
raise  the  temperature^  and  therefore  the  Ught  emitted,  as  well  as  the 
number  of  candles  per  watL  From  25  hours  onwards  Dr.  Sharp's 
curve  gradually  drops*  and  his  last  reading  on  this  curve  indicates 
approximately  that  after  775  hours  the  M.H,C*P.  of  the  averaiJc  bnip 
drop^  to  1675,  Again,  his  inefficiency  curve  indicates  at  the  start  just 
over  2  watts  per  candle,  then  drops  to  about  i'3  during  the  first 


aeo^ 


Fig.  L 


35  hours,  and  then  gradually  increases  to  atiout  3  watts  per  candle 
alter  775  hours, 

I  have  given  the  above  results  in  order  that  my  own,  wfiich  are 
given  in  Table  IL,  may  be  compared  with  them. 

My  observations  show  that  the  average  drop  in  efficiency  for  the 
tantalum  lamp  was  about  17  per  cent,  after  1,000  hours,  but  whether 
this  is  due  entirely  to  blackening  of  the  bulb  or  only  partial ly  (and  to 
[  extent  Ui  a  change  in  the  filament)  I  am  at  the  moment  unable 
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Liuiipc. 

In  Wmttt  per 
Lamp. 

M-H.CP.per 

Lamp. 

ATsn^e 

Watte 

per  Candle. 

AiMsife 

Wall 

New  tantalum  (run  ) 

48  hours) 
Old  tantalum  (run  } 

1,012  hours)  ,*. 
New  ''Osmi"  (run } 

48  hours)        ,.,  j 
Old  '*  Osmi  *•  (run  ) 

1,012  hours)    *^.  I 

3B-2 

34'9 
341 

225 

187 

2ro 
2ro 

170 

ao4 

r66 

1-62 

o'59 

0*4Q 

o'6o 
0(12 

to  say.  It  is  a  probkoi  that  I  have  in  hand  for  solution.  The  hulb 
of  the  '*  Osmi  '*  lamp  docs  not  blacken  with  age,*  and  lias  apparently 
a  uniform  average  M.H.CP*  throughout  its  life  (sec  Table  IL)*  but 
although  there  is  a  distinct  change  in  the  filament  with  age  (and  a 
visible  one)  this  leads  to  an  increasej  and  not  a  decrease,  in  the 
efficiency.  It  is  possible  therefore  that  the  blackening  of  the  tantahim 
lamp  with  age  may  hide  an  increase  in  the  efficiency  due  to  a  change 
in  the  filament.  Since,  however,  from  my  own  observations  the  average 
consumption  in  watts  per  lamp  is  the  same  either  for  a  new  or  an  old 
tantalum  lamp,  I  should  think  that  the  change  in  the  filament  with  a|e 
would  cause  a  drop  in  the  efficiency  if  it  caused  any  change  at  all* 

The  blackening  in  the  case  of  the  tantalum  lamp  is  by  no  means 
evenly  distributed  over  the  bulb,  I  have  some  actual  photographs  of 
new  and  old  carbon,  tantalum,  and  *'  Osmi "  filament  lamps  which  were 
taken  to  show  :  {i}  The  even  blackening  of  the  carbon  filament  Iamp*s 
bulb,  (2)  the  uneven  blackening  of  the  tantalum  filament  lamp's  buib, 
and  (3)  the  freedom  from  blackening  of  the  bulb  in  the  case  of  the 
'*  Osmi "  lamp.  The  alteration  in  the  mean  spherical  reduction  factor 
of  the  tantalum  lamp  with  age  is  certainly  due  in  part  to  the  uneven 
blackening  ;  but,  as  pointed  out  by  Dr.  Sharp,  even  this  alteration  in 
the  M.S.R.F.  may  be  due  partially  to  a  change  in  the  filament 

In  connection  with  my  results  in  Table  IL,  I  would  particularly 
draw  attention  to  the  average  candle  power  per  new  (46  hours)  lamp. 
It  would  seem  to  indicate  that  the  25  c.p.  marked  on  the  lamps  them- 
selves referred  to  Hefner  units,  and  not  to  British  candles,  as  some 
people  seemed  to  think. 

The  author  mentioned  that  for  the  lighting  of  such  places  as  draw- 
ing offices  the  superiority  of  the  mercury  vapour  lamp  had  been, 
apparently  more  than  once,  commented  upon.  He  said  that  personally 
he  saw  no  reason  why  a  bluish  light  should  not  give  as  good  results  as 
a  yellowish  one  ;  if  there  was  a  difference  he  thought  that  the  advantage 

•  One  old  "  Osmi  '*  Ump  waa  vmu  for  tea  hours  at  a  voltngc  5  per  cent  ab#ve  tt» 
aomiaal  withouL  causing  the  bulb  to  bluckrn  iti  the  aliglUest  drgrec 
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must  lie  with  the  bluish  illuminant,  since  oculists  often  prescribed  blue  Mr. 
glasses,  for  which  procedure  they  doubtless  had  a  reason.  This  state-  *'****°°^- 
ment  is  one  of  very  grave  importance.  The  subject  of  general  illumi- 
nation is  receiving  such  a  great  amount  of  attention  now  that  any 
statement  indicating  the  superiority  of  a  particular  illuminant  on 
account  of  the  colour  of  the  light  it  produces  is  likely  to  be  quoted  by 
one  and  all  interested  in  the  subject.  I  would  point  out,  therefore,  in 
the  first  instance,  that  from  experiments  made  with  one  of  Mr.  Bastian's 
mercury  vapour  lamps  the  visual  acuity  would  appear  to  be  increased 
when  emplo3ring  such  an  illuminant  in  place  of  an  ordinary  carbon 
filament  glow  lamp,  only  providing  the  object  under  observation  is 
within  a  distance  of  i  metre  (approximately)  of  the  eye.  For  reading  and 
drawing  purposes,  therefore,  the  peculiar  colour  of  the  mercury  vapour 
lamp  has  its  advantage.  However,  this  advantage  is  not  perceptible 
when  the  object  is  at  a  distance  of  2  to  3  metres ;  in  fact,  at  a  distance 
of  6  to  7  metres  the  visual  acuity  is  decreased  in  comparison  with  that 
obtained  when  a  yellow  illuminant  is  employed. 

I  cannot  see  that  the  case  of  oculists  prescribing  blue  glasses  per- 
mits one  to  assume  the  probability  of  a  light  of  bluish  tint  being  pre- 
ferable to  a  yellowish  one.  Blue  glasses  are  prescribed  when  there  is 
an  excess  of  yellow  light,  or  the  physiological  conditions  present 
indicate  that  light  of  certain  wave-lengths  in  the  region  of  the  yellow 
will  be  harmful ;  in  fact,  to  tone  down  the  yellow  to  the  natural  pro- 
portion. If  the  light  is  simply  too  bright  or  dazzling,  neutral  tinted 
glasses,  not  blue,  are  ordered.  • 

During  December  last  I  had  occasion,  in  connection  with  a  paper 
read  before  the  Optical  Society  by  Dr.  Drysdale,  to  determine  to  what 
accuracy  I  could  reproduce  my  readings  when  comparing  a  red 
illuminant  against  a  green  one  with — 

(a)  A  simple  wedge  photometer,  and 
(6)  A  Lunmier-Brodhun  photometer. 

The  results  obtained  are  striking,  and  present  a  case  analogous  to 
that  of  the  mercury  vapour  lamp.  I  have  drawn  my  results  up  in  the 
form  of  a  table  (see  Table  III.).  First,  the  results  are  striking  because 
of  the  accuracy  of  those  obtained  with  the  "wedge"  photometer; 
secondly,  because  of  the  marked  difference  between  these  and  those 
obtained  with  the  Lummer-Brodhun  photometer  ;  and  thirdly,  because 
of  the  gradual  rise  in  the  candle  power  of  the  red  lamp — in  comparison 
with  the  green  one — with  the  increase  in  voltage.  When  employing  the 
"wedge"  photometer  the  eye  was  focussed  on  an  object  at  the  dis- 
tance  of  about  25  cm.,  whereas  with  the  Lummer-Brodhun  photometer 
it  would  be  focussed  for  an  infinitely  distant  object,  the  rays  entering 
the  eye  being  parallel. 

The  results  would  seem  to  point  out,  therefore,  that  with  increased 
accommodative  power  the  eye  becomes  less  sensitive  to  red  light ! 
This  is  in  agreement  with  the  observed  increase  in  the  visual  acuity  for 
near  work  mentioned  above  when  the  greenish-blue  light  of  the  mer- 
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Green 


Photometer 


280 


100 


VOLTJkGK, 

Rb^Xts  with  the  LVMMER- 

RsStTLTS  ttJTK   THE  SlldPLS 

Mod. 

EquaUutlon 
PolfiU, 
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considerable  extent  upon  the  size  of  the  retinal  image  it  produces,  Mr,  i 
Before  the  problem  h  finally  solved  we  must  know —                               Mackrniicy, 

(a)  The  effect  of  a  given  alteration  m  the  sv/.c  of  the  retinal  image,  ^H 

(b)  Whether  an  alteration  in  the  power  of  the  crystalline  lens  of  the  ^H 
eye  during  accommodatton,  and  the  consequent  increase  (percentage)  ^H 
in  the  chromatic  difference  at  the  focal  points,  enters  into  the  problem,  ^H 

(f)  Whether  the   natural   limit   placed  upon  our  resolving   power  ^H 

(owing  to  the  finite  size  of  the  wave-length  of  light)  enters  into  the  ^H 

problem.    This  natural  limit  depends  of  course  upon  the  wavelength  ^H 

of  Ihe  light  under  consideration.     I   find   from  calculation  that  in  ^H 

certain  cases  it  might  easily  exceed  the  physiological  hmit^  and  there-  ^H 

fore  enter  into  the  problem.  ^H 

id)  The  amount  of  light  (in  candle-metres,  say)  falling  upon  a  screen  ^H 

at  varying  distances  from  different  coloured  lights  whose  illuminating  ^H 

powers  have  been  determined  equal  at  unit  distance.     In  other  words,  ^H 

we  must  know  the  penetrating  powers  of  different  coloured  lights —  ^H 

inoiiochromatic  and  otherwise.  ^^M 

We  must  also  bear  in  mind  the  singular  property  of  the  eye  dis-  ^H 

covered    by  Purkinje^   which,   if    the   illumination  is  carried  below  ^H 

I  candle  metre,  will  certainly  enter  into  the  problem,  that  the  intensity  ^H 

of  sensation  increases  and  decreases  more  rapidly  for  the  red  tight  than  ^H 

for  the  bluCi  for  the  same  variation  of  objective  luminous  intensity,  ^H 

The  increase  in  the  candle  power  with  the  voltage  of  the  red  lamp  ^H 

^  comparison    with    the   green   one   is  peculiar.      Personally^   from  ^H 

theoreticai  const  derations^  I  should  have  expected  a  result  quite  the  ^H 

reverse.  ^H 

Mr,  ],  T.  MoRRts  3  I  have  one  or  two  facts  to  put  before  you  as  to  sir,  Morrl« 

the  operation  of  some  metallic  lamps  when  new.   Through  the  kindness 

of  certain  manufacturers  I  have  been  able  to  carry  out  a  series  of  tests  J 

on  a  number  of  these  recent  lamps   in   my  iaboratorics  at  the  East  ^H 

London  College,     The  results  are  given  in  the  following  table.  ^H 

In  the  first  column  the  ratio  of  the  resistance  of  the  lamp  hot  to  cold  ^H 

is  given.   In  the  carbon  lamp  it  is  035,  but  in  the  tantalum  lamp,  instead  ^H 

of  being  0*55,  it  is  6-3,    For  the  osmium  the  figure  is  still  higher,  and  also  ^H 

for  the  zircon,  and  so  on— the  tungsten  lamp  giving  the  t^xtraordiuary  ^| 

change  in  resistance  between  bot  and  cold  of  I2'8.,     The  result  of  ttiis  ^H 

is  that,  when  these  metallic  filament  lamps  are  switched  on  to  a  circuiti  ^H 

the  current  at  the  moment  of  starting  is  very  much  higher  than  its  ^H 

normal  vahie.     I  have  brought  with  me  four  oscillograms  which  have  ^1 

been  taken  of  the  starting  currents  of  various  lamps  (see  Figs.  J,  K,  J 

L  and  M) :— No,  Lj  a2o-volt  5-c.p.  carbon;  No,  IL,  uovolt  22-c.p.  ^H 

tantalum  ;  No,  IIL,  110-volt  28-c.p.  "  Osram  "  ;  No.  IV.,  1 10-vott  JS-c.p.  ^M 

J  ust- Wolf  ram .  ^H 

Measurements  taken  from  these  give  the  values  shown  in  the  table,  ^H 

column  If  as  the  ratio  of  initial  current  to  final  current,  ^H 

I  have  also  one  or  two  points  which  seem  to  confirm  the  results  of  ^^% 

other    experimenters.    In  the  last  column  but  one  (sec  table)  the  1 

increa^  of  candle  power  for  i  per  cent,  rise  in  voltage  is  given.    For  ^M 
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.Gasier.  then,  **  I  btlieve  that  we  may  in  time  to  come  improve  the  efficiency 
of  the  lamps  by  varying  either  B'  (Leuchtungs-Vermoegen — lighting 
power)  or  the  volatilisation  temperature  of  the  filaments^  or  both 
together,  by  a  good  combination  and  wise  selection  of  the  materials, 
and  by  due  care  in  their  manufacture/**  Tkat  sentence  elicited 
the  remark  that  it  is  easier  to  prophesy  than  lo  show  the  lamp,  I 
am  particularly  favoured  to* night  in  being  able  to  show  a  200- volt 
metal  filament  lamp  which  consumes  a  little  over  i  watt  per  c.p. 
Messrs.  Dowsing  Company  have  been  good  enough  to  lend  me  a  few 
Zircon* Wolfram  lamps  to  show  in  actual  working.  The  5iiroori- 
Wolfram  lamp  was  shown  for  the  first  time  in  this  country  at  a  lecture  I 
recently  gave  on  the  "  Progress  in  Electric  Lighting."  f  The  lamp  was 
then  only  a  57  voltj  but  had  developed  to  no  volts  at  the  lime  it  was 
shown  again  last  August  at  the  British  Association  Meeting  at  Yorki  and 
to-night  I  am  able  to  show^  1  think  for  the  first  time  in  this  country, 
a  200-volt  metal  filament  lamp  burning  direct  on  the  circuit  of  this 
building,  which  H  a  very  gratifying  result*  My  reference  to  the 
remarks  I  made  many  years  ago  is  solely  for  the  purpose  of  demon* 
strating  that  the  results  obtained  to-day  were  foreseen  by  those 
who  made  a  scientific  study  of  the  methods  of  converting  electric 
energy  into  light.  In  view  of  the  progress  made  wnth  these  new 
lamps,  it  must  be  borne  in  mind  that  most  of  the  present  draw- 
backs of  the  lamps^  such  as  risk  of  breakage  in  transport,  or  that 
they  may  have  to  burn  in  a  vertical  position,  or  that  they  are  of 
very  high  c.p.  units,  etc.,  may  be  looked  upon  as  only  temporary, 
because  the  improvements  which  are  constantly  made  are  sufificient  to 
encourage  hope  for  the  future.  I  need  only  refer  to  the  similar 
development  of  gas  mantles,  and  call  lo  mind  their  brittleness  origi- 
nally, and  the  high  price  at  which  they  were  sold,  as  compared  willi 
the  improved  mantles  of  to-day  and  their  present  rea,sonabIe  price. 
I  believe  that  to  obtain  simihu-  results  with  the  new  metal  filament 
lamp;^  is  simply  a  matter  of  time. 

In  my  opinion  these  new  lamps  form  the  beginning  of  a  new 
era  in  iilumi nation,  and  will  considerably  help  in  improving  electric 
lighting  generally.  Patience  is,  however,  still  required  for  the  gradual 
development  of  the  necessary  improvements,  and  it  is  useless  to 
condemn  an  invention  because  it  is  not  immediately  commercially 
successful  I  may  say  that  the  Zircon- Wolfram  200- volt  lamp  showa 
here  to-night  is  a  development  of  only  one  year*s  experimenting, 
as  it  is  less  than  a  year  since  the  first  37''VOli  lamp  was  exhibited  in 
this  country.  It  may  be  interesting  to  notice  that  the  Zircon -W^oMram 
lamp  as  well  as  the  "  Oiram"  lamp^  for  which  an  efficiency  of  i  wait 
per  c.p*  is  claimed,  can  run  equally  w^ell  on  both  alternating  and 
direct  current  circuits.  The  tests  carried  out  at  the  National  Physical 
Laboratory  with  the  early  Zircon-Wolfram  lamps,  which  have  been 
referred  to  by  Mr.   C.  C.  Paterson,   were  made   by  using  the  same 

*  ymtrmit  0/ tht  SttMUiutum  0/  Etectrkttt  Enginem,  viil.  37,  Jtti^,  p,  17©, 
f  J&urnat  0/  tfv  Sot:kiy  &f  ArUt  vol.  54,  rijob,  p,  3*2, 
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lamps  first  ftir  about  loo  hours  an  a  direct-current  circuit  and  for  the   ^t.  Gaster^ 
fvii  of  tb^  test  on  alternating-current  circuit  avaihible  at  the  National 
Physical  Laboratory.     I  under  stand  that  recent  improvements  in  the 
manufacture  of  these  lamps  have  given  considerahiy  better  results  than 
those  obtained  with  the  earlier  types. 

Coming  to  the  question  of  the  use  of  the  tantalutn  lamp  on 
alternating* current  circuits,  I  am  at  a  loss  to  understand  why  people 
endeavour  to  buy  these  lamps  and  use  them  on  alternating-current 
circuits  against  the  recommendation  of  the  manufacturers.  In  view 
of  this  recommendationi  I  wrote  asking  why  the  hte  of  these  lamps  is 
so  considerably  shortened  when  used  on  alternating-current  circuits, 
ind  was  given  to  understand  that  the  frequency  has  a  direct  bearing 
00  the  life  of  the  lamps,  A  lamp  burning  on  an  alternating*current 
drcuit  using  up  to  25  (\J  per  second  will  have  a  life  almost  as 
long  SLS  the  lamp  used  on  direct-current  circuit,  but  with  the  in* 
CTfise  of  the  frequency  the  life  is  shortened  considerably,  so  that  on 
31  drcuit  with  about  50  rv  the  life  of  the  lamp  was  reduced  to  about 
oQc-third*  and  if  the  frequencies  are  increased^  say  up  to  2,ooO|  as 
wm  done  by  the  makers  for  the  ^ke  of  experiment,  the  life  of  the 
lamp  is  reduced  to  about  lo  to  15  hours.  The  explanation  given, 
wtiich  is  not  ^shared  by  all  investigators,  is  that  there  is  an  osciliatory 
mMon  set  up  ^issii^iting  crystHllisatioiit  the  breakages  taking  place 
between  such  formed  crystals.  The  makers,  being  aware  of  this 
drawback,  do  not  recommend  the  use  of  the  lamp  on  high-frequency 
alternating-current  circuits  for  the  present  until  further  improvements 
arc  madcp  and  it  is  only  reasonable  to  pay  regard  to  them  when  they 
advise  us  not  to  use  their  goods  for  certain  purposes. 

Regarding  the  "  Osmin "  lamp,  very  little  practical  information 
js  available  as  yet,  but  reference  may  be  made  to  a  very  interesting 
paper  recently  read  by  A,  Libesny,*  from  which  it  appears  that  such 
lamps  can  be  used  at  i  ^att  per  c;mdle,  and  that  the  lamp  will  stand 
reaM>nable  voltage  Huct nations  without  being  so  much  aHected  as  the 
pre^nt  carbon  lamps  are. 

AJthough  Messrs.  Siemens  &  Halske,  the  makers  of  the  tantalum 
lamp,  have  tried,  and  are  still  trying,  to  make  lamps  of  higher  voltage 
with  smaller  c,p.  than  they  can  he  made  at  present,  using  metaJ 
filaments,  they  have  taken  out  a  British  patent— No,  9,109  of  I90(>— for 
the  manufacture  of  lamps  t:>y  using  a  combination  of  carbon  filament 
in  scries  with  metal  filaments,  in  order  to  obtain  the  necessary 
resistance  for  making  high-voltage  lamps,  which  should  be  more 
cfhclcnt  than  the  high-voUage  carbon  lamps  of  to-day,  but  nothing  has, 
as  far  as  I  know,  transpired  regarding  the  working  of  this  patent. 

Apart  from  the  metal  lilament  lamps,  of  which  there  is  a  large 
nnmtier  claiming  high  efficiencies,  I  should  like  to  mention  another 
line  of  research  for  improving  the  methods  of  electric  lighting  which 
iji  receiving  considerable  attention  now  in  the  United  States*    I  mean 

•  Bkktr0ki:hmk  y,  MaMhinatbau,  vol,  34,  rQo6,  pp.  437,  456  ;  Sc9€mce  Abifmcis^ 
w»l*  9,  B,  1906,  p,  364. 
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Mr.  Gister.  the  Qse  of  "  vacuum  lamps  "  with  Intermittent  ionisation,  like  the 
Macfar Ian-Moore  type.  In  this  type  of  lamp  a  permanent  gas  tinder 
reduced  pressure  is  transiently  ionised  by  the  high  potential  stress, 
thereby  becoming  a  luminous  conductor,  and  allowing  a  discharge 
which  relieves  the  stress,  whereupon  the  ionisation  ceases  and  is 
re-established  with  such  rapidity  that  the  eye  does  not  observe  the 
interval.  By  this  method  of  illumination  an  efficiency  is  obtained 
of  I  watt  per  candle.  Tests  have  been  made  by  the  Electrical 
Testing  Laboratory  of  New  York  for  comparing  this  particular  method 
of  illumination  with  incandescent  and  Nernst  lamps.  The  tube  in 
question  was  179  ft.  long  and  1}  in.  in  diameter,  following  the 
contour  of  a  picture  gallery  in  which  it  had  been  installed,  and  very 
satisfactory  results  regarding  proper  diffusion  of  light  are  claimed  to 
have  been  obtained.  The  automatic  valve  invented  by  Mr.  Moore 
for  maintaining  the  desired  vacuum  seems  interesting.  This  type  of 
illumination  is  only  used  on  alternating-current  circuits. 

With  regard  to  the  question  whether  the  new  metal  filament  lamps 
which,  for  the  present,  are  of  high  c.p.  units  will  be  largely  used, 
I  am  not  quite  prepared,  like  others,  to  admit  that  the  higher  candle 
power  of  the  new  lamps  is  a  great  drawback,  because  that  peculiarity 
might  be  helpful  in  other  directions.  It  has  been  said,  with  a  great 
deal  of  truth  in  it,  that  the  effect  of  electric  light  upon  sight  is  not  in 
any  way  worse  than  that  of  other  illuminants ;  but  it  is  no  use  denying 
that  there  is  a  dazzling  effect  produced  by  looking  often  at  the  filament 
of  incandescent  lamps.  The  remedy  suggested  is  very  simple,  and 
in  many  places  is  taken  advantage  of,  namely,  to  conceal  the  lamp  ; 
but  very  often  this  cannot  be  done  without  sacrificing  a  great  deal  of 
light  which  is  wanted  on  the  object  to  be  illuminated.  With  the 
advent  of  the  new  lamps  which  give  three  or  four  times  more  light 
at  the  same  expense  as  that  of  the  carbon  filament  lamps  used  at 
present,  the  possibility  of  concealing  the  lamp  is  greatly  enhanced, 
and  a  much  better  diffused  illumination  can  thereby  be  obtained 
without  undue  expenditure. 

Regarding  the  remarks  of  the  author,  that  the  lamp  makers  in 
this  country  do  not  give  sufficient  support  to  scientific  research, 
I  must  say  that  since  I  expressed  a  similar  opinion  about  eighteen 
months  ago  I  am  pleased  to  notice  that  a  gradual  change  is  taking 
place,  and  there  is  a  growing  tendency  to  recognise  the  true  merits 
of  scientific  research.  I  have  been  personally  approached  on  more 
than  one  occasion  by  a  leading  lamp  maker  to  keep  him  in  touch,  not 
only  with  those  who  are  scientifically  interested  in  improving  the 
lamps,  but  also  with  those  who  actually  know  how  to  make  them,  the 
lamp  maker  being  prepared  to  pay  reasonable  remuneration  for  such 
service.  I  should  like  to  add  that  I  do  not  think  that  any  distinction 
ought  to  be  made  between  a  foreigner  or  native  bom  in  appreciating 
his  work.  Science  is  international,  and  if  any  use  can  be  made  of 
improvements,  no  matter  where  they  come  from,  let  us  take  advantage 
of  them  to  the  benefit  of  the  industry. 
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QommunicaUd*  Since  the  meeting  I  hai?c  noticed  a  new  departure  Mr.  Gaster. 
for  making  lamps  of  higher  efficiency— r  mean  the  invention  of 
Professor  A*  C.  Parker  and  Walter  G.  Clark,  of  New  York,  called  the 
"  Helion  **  filament  incandescent  lamp.  It  is  said  that  the  filament 
is  composed  largely  of  silicon,  which  is  reduced  and  deposited  together 
with  the  other  materials*  the  base  being  a  ijpccially  prepared  carbon 
^lament.  It  is  claimed  that  this  filament,  though  not  metaihc,  can  be 
operated  at  a  specific  consumption  of  i  watt  per  candle,  at  a  tempera* 
ttire  much  below  the  temperature  of  metallic  filaments  when  operated  at 
this  consumption.  This  is  an  interesting  departure  from  previous 
experience,  and  as  the  information  available  is  scanty,  I  only  refer  to 
it  for  the  prusent.*^ 

Mr,  C.  j;  RoeeRTsosJ  ;  There  is  one  small  point  that  1  should  like  to 
mention,  and  that  is  the  question  of  the  frequency  of  the  current,  which 
has  already  been  touched  on  by  Mr.  Gaster.  It  would  be  of  very  great 
interest  if  some  definite  tests  could  be  pubhshcd  on  that  subject,  show- 
ing the  particular  frequency  at  which  this  breaking  down  effect  is  at  a 
maJtimnm,  and  also  the  point  at  which  it  disappears,  if  there  is  such  a 
point — 1  mean  the  difference  in  behaviour  of  the  same  lamp  between 
aitcrnating'Current  and  continuous-current  values^  for  in  that  there 
seems  to  lie  a  liiddcn  secret. 

There  is  a  good  summary  in  the  author's  paper  of  that  which  is 
already  available  by  a  lengthy  search  in  I  he  technical  press  and  in 
Patent  Specifications,  There  is  no  doubt  that  metidlic  filament  lamps 
have  a  most  promising  outlook  for  the  future,  and  my  company,  as  well 
as  others*  are  keenly  aware  of  its  p0!5Sibihtics,  and  are  working  towards 
Ihf  perfecting  of  the  processes  necessary  for  actual  commercial  manu- 
facture. It  must  be  remembered  that  the  Nemst  lampw*as  hailed  with 
the  same  acclamation  as  h  now  being  given  to  metallic  filaments,  but 
the  Nemst  has  not  fulfilled  what  was  expected  of  it  Consequently  we 
must  not  be  too  precipitate  in  our  opinion  of  these  later  forms  of 
lamps,  which  in  most  cases  arc  still  in  what  may  be  called  an  experi- 
mental state. 

The  author  gives  Edison  the  credit  of  being  the  first  to  ''  begin  with 
a  high  pressure  especially  in  ^lew,'*  but  I  think  this  credit  is  due  to  one 
of  our  own  countrymen,  i.e.^  St,  George  Lane-Fox,  who  in  his  patent 
No.  3,98**  of  1878  fully  describes  the  advantages  of  high  pressure  and 
metallic  filament  lamps  in  parallel  on  circuits  of  100  volts.  This  patent 
is  for  a  platinum-iridium  filament  lamp,  and  in  the  same  year  he 
patented  regulators  and  meters,  all  for  use  on  such  loon^olt  lamp 
circuits.  Our  better  knowledge  of  high  temperatures  and  of  electric 
furnaces  for  the  reduction  of  the  rarer  metals  is  due  in  large  part  to 
the  pioneer  work  of  Professor  Moissan.  The  earliest  practical  treat- 
ment of  carbon  filaments  by  means  of  the  electric  furnace,  that  I  can 
recollect,  w^s  by  Messrs,  Woodhouse  and  Raw*>on,  who  treated  their 
ftirfural  filaments  in  this  way  at  their  Cadby  Hall  Works, 

B^ore  the  carbon    filament  lamp  can    be    displaced    by  these 

•  ElecifictU  %Vom^  VOl,  491,  1907,  p.  10. 
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Mr.  newer    lamps    there    must  be  further  improvements    made   in    the 

Robertson,     direction  of- 

1.  Higher  voltage. 

2.  Decrease  of  fragility  when  hot  or  cold. 

3.  Better  behaviour  on  alternating  currents,  which  nowadays  are  of 
great  importance. 

It  is  possible  that  these  points  may  be  considerably  improved  upon, 
but  much  work  remains  to  be  done. 

As  regards  the  behaviour  of  metallic  filaments  with    alternating 
'  currents,   I    have    seen  a  reference    to   experiments  where  it    was 

found  that  the  greater  the  periodicity  the  weaker  was  the  molecular 
cohesion  of  these  metallic  filaments,  as  if  something  similar  to  rapid 
magnetic  reversals  were  taking  place  in  the  filament,  causing  it  to 
become  extremely  brittle,  and  in  the  case  of  very  rapid  alternations 
the  filament  would  not  last  many  minutes. 

Reference  is  made  by  Mr.  Swinburne  to  the  probable  use  of  larger 
lamps  of  about  50  c.p.  on  the  present  high- voltage  circuits,  but  if  a  lamp 
of,  say,  250  volts  50  c.p.  is  to  be  used,  it  is  di£Bcult  to  see  how  the  increased 
length  of  such  a  wire  is  to  be  disposed  of  in  the  bulb.  The  greater  the 
candle  power  the  thicker  will  be  the  diameter  of  the  filament,  and 
consequently  the  longer  it  will  have  to  be  for  any  given  voltage.  From 
the  view  of  increased  efiiciency,  the  metallic  filaments  are  a  consider- 
able advance,  but  their  quality  is  very  dependent  upon  the  processes 
used  for  their  preparation.  After  all  they  only  represent  a  mechanical 
efficiency  (reckoned  from  the  energy  in  the  coal)  of,  say,  2  to  2^  per 
cent.,  and  they  would  appear  in  this  respect  to  be  the  very  best  we  can 
get  from  glowing  bodies ;  so  that  little  further  advance  can  be  expected 
on  these  lines,  and  we  must  look  to  some  fundamentally  new  principle 
to  improve  on  this  comparative  inefficiency. 
Mr.  Bayers.  Mr.  H.  M.  Sayers  :  I  have  a  few  photo-micrographs  of  tantalum 

filaments  to  show. 

Fig.  N  is  a  new  tantalum  filament  taken  by  reflected  light.  The 
surface  has  a  metallic  lustre,  but  it  is  rough,  and  under  the  microscope 
it  presents  a  porous  appearance. 

Fig.  O  is  a  tantalum  filament  which  has  been  running  on  con- 
tinuous current ;  the  photograph  was  taken  by  reflected  light.  It  will  be 
seen  that  the  surface  is  broken  up  and  crinkled  in  a  somewhat  irregular 
fashion.  There  are  a  few  marks  towards  the  left  of  a  cuneiform  shape. 
The  general  appearance  of  the  thing  is  that  it  is  wrinkled  more  or  less 
in  a  concentric  fashion. 

Fig.  P  is  a  tantalum  filament,  viewed  by  reflected  light,  which  has 
been  run  on  an  alternating  circuit  of  83  <\j.  It  shows  the  filament 
broken  up  into  short  sections,  but  the  surface  is  much  smoother  and 
brighter  than  even  a  new  filament,  and  has  not  the  crinkled  appear- 
ance produced  by  the  continuous  current. 

I  will  not  go  into  theories  accounting  for  these  appearances  ;  but  I 
should  like  to  call  attention  to  an  article  by  Dr.  C.  Sharp,"*"  in  which  he 
♦  Electrical  World  ;  EUctrical  Bn^ineerin^,  vol.  I,  1907,  p.  107. 
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gives  a  number  of  sketches  from  tuntalum  filaments  run  at  different  Mr  Say 
frequencies,  and  it  would  appear  from  that  article  that  the  effect  of  the 
increase  of  frequency  is  to  shorten  the  sections  into  which  the  fila- 
ment breaks  up*  At  25  r\j  there  is  very  little  breaking  up,  but  at 
13a  rv  the  lengths  of  the  sections  are  rather  less  than  the  diameter 
of  the  filament. 

Mn   Havdn  Haurison  :  I  think  we  are  to  be  conj^ratulated  on 
baving  a  paper  on  this  subject  at  a  time  when  we  are  all  wondering 
what  will  be  the  immediate  effect  of  the  advent  of  the  high- efficiency 
lamp.     Of  the  ultimate  effect  there  is  little  doubt  that  it  will  benefit  all 
of  us,  in  the  sjime  w*ay  as  the  gai;  mantle  benefited  the  gau  lighting 
industry  :  but  the  result  in  the  near  future  is  of  primary  importance  at 
present.    The  first  to  benefit  will  be  those  supplying  low  tension  at  the 
consumers'  premises  ;  and,  as  an  advocate  of  alternating-ourrent  dis- 
tribution, I  cannot  help  thinking  that  I  shall  ha%'e  the  opportunity  of 
congratulating  those  who  have  stood  by  it.     The  only  thing  in   my 
opinion  which  led  the  majority  to  lay  down  direct 'Current  systems  in 
this  country  was  the  question  of  motors  ■  but  results  such  as  have 
been  obtained  at  Leeds,  Coventry,  and  eUewherej  show*  that  the  motor 
load  can  be  dealt  with  equally  well  on  alternating  systems.     In  fact^ 
c^rie  might   say   that   the  problem   of   designing  efficient  alternating 
motors  is  much  easier  than  producing  efficient  incandescent  lamps  of 
[  low  candle  powMlor  voltages  of  300  or  over*    There  are,  of  course, 
Other  factors — sTCn  as  the  high  price  of  copper,   regulation,  etc. — 
U'hich  will  help  to  turn  the  balance  in  favour  of  alternating  systems; 
but  the  lamp  question  will,  to  my  mind,  eventually  settle  it.     The  arc 
^lamp  is  also,  by  the  use  of  impregnated  carbons,  being  brought  to  a 
(higher  efficiency  for  alternating  work  ;  and  for  public  lighting,  where 
^  great  economy  is  efifectcd  by  using  lamps  in  series,  the  possibility  of 
ibsing  static  transformers  to  obtain  the  required  pressure  for  varying 
(•lengths  of  streets  is  an  advantage  which  is  not  sufficiently  appreciated 
|at  present.     Mr.   Swinburne's  paper  mostly  touches  on  possibilities  ; 
'hut  the  remarkable  results  which  are  being  obtained  at  present  by  the 
I*'  Osram  "  and  other  tungsten  lamps  are  worthy  of  note.  I  have  now  had 
several  months'  experience  with  the  "  Osram"  lamps  made  by  the  Auer 
'Company,  and  find  that  not  only  are  the  elaborate  tests  made  by  the 
'  Keichsanstalt'-to   the    eftect    that    these    lamps   burn  to  an  average 
efficiency  of  over   ri5  watts  per  Hefner  candle-power  for  over  r,ooo 
I  hours — confirmed  in  practice,  but  even  better  results  are  sometimes 
I  obtained.    This  has  meant  a  saving  of  nearly  100  per  cent,  both  at  my 
^  office  and  private  house,  despite  the  fact  that  I  have  bad  to  continue 
[  the  use  of  carbon  filament  lamps  in  certain  positions.     It  is  true  that 
I  ihe  u^  of  these  lamps  often  means  an  unnecessary  increase  of  light, 
owing  to  the  smallest  unit  being  30  c.p*  ;  but  I  regret  to  hai;c  to  say 
I  that   this  increase  of  illumination  is  appreciated  by  the  majority.     I 
regret  it  because  I  am  convinced  that  nature  intended  the  eye  to  be 
rested  during  certain  intervals  i  but  the  advent  of  the  larger  units  of 
Ughl,  more  especially  the  gas  mantle,  is  causing  people  to  accustom 
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themselves  to  high  illumination  at  all  limes;  thus  the  eyes  are  only 
rested  during  the  hour^  of  sleep,  and  the  optieians  and  ophthalmic 
specialists  are  reaping  the  benefit.  But  I  would,  nevertheless,  point 
out  to  Mr.  Swinburne  that  one  can  ot>taEn  small  units  of  hght  of  much 
higher  efficiency  than  carbon  lamps,  provided  the  metallic  filaments  are 
worked  at  a  slightly  lower  efficiency  than  that  for  which  they  are  sold. 
For  instance,  an  **  Osram  "  lamp  giving  30  c-p.  at  rr5  watts  per  candle, 
will  give  15  c,p.  at  r8  'watts  ;  thus  it  is  still  twice  as  efficient  as  a 
16-c.p.  high -voltage  carbon  lamp,  and,  as  stated  before,  this  candle- 
power  and  efficiency  will  remain  constant  in  the  case  of  a  good  lamp. 
From  Mr.  Swinburne's  remarks  concerning  the  composition  of  the 
glowers  of  Nern^l  lamps,  I  gather  that  he  considers  the  gap  they  had 
to  fill  no  longer  exists.  In  any  case,  I  trust  that  the  metallic  filament 
lamp  will  not  be  controlled  by  any  one  company — otherwise  we  may 
see  as  little  progress  made  in  the  perfection  of  tbcni  as  has  occurred  in 
the  case  of  the  Nernsl  lamp.  It  is,  of  course^  probable  that  lamps  of 
which  the  filaments  are  run  at  the  high  temperature  necessary  to 
obtain  high  efficiency  will  have  to  be  placed  in  a  pendent  position, 
as  the  filaments  will  be  soft  at  the  temperature.  This  can  be  altered, 
as  in  the  tantalum  lamp,  by  having  a  multitude  of  supports  for  the 
filament ;  but  I  should  like  to  ask  Mr-  Swinburne  if  he  does  not  con- 
sider that  the  contact  of  a  wire  at  that  temperature  with  several 
supports  at  a  very  much  lower  temperature  not.  ©ply  reduces  the 
possible  efficiency^  but  also  wx^akcns  the  filaments  ^^stresses  set  up  at 
those  points.  The  effect  that  metallic  filament  lamps  arc  likely  to  have 
on  the  industry  is  much  emphasised  when  it  is  borne  in  mind  that  their 
mean  spherical  efficiency  is  higher  than  that  of  an  ordinary  arc  larnp^ 
and  is  only  exceeded  by  that  of  a  flame  lamp,  or  a  mercury  vapour 
lamp  of  the  larger  size, 

Mr*  Albion  T.  Snell  (communicated) :  Having  no  laboratory  at  my 
disposal  I  was  not  able  to  make  researches  with  regard  to  the  physical 
properties  of  metallic  filaments^  but  I  soon  recognised  that  the  wire 
lamp  was  bound  to  effect  a  change  in  the  practice  of  electric  lighting 
and  to  CKtend  its  sphere  of  usefulness.  For  the  past  eighteen  months 
I  have  hiid  different  makes  of  these  lamps  under  close  observation 
on  a  number  of  public  supply  circuits  as  well  as  on  private  plants^ 
and  at  the  present  time  I  am  responsible  for  the  erection  of  many 
hundreds  of  lamps*  The  results  laave  fully  justified  the  expecta- 
tions of  more  light  for  a  given  power  or  less  power  for  the  same 
light,  as  compared  with  the  ordinary  carbon  filament ;  and  the  life  of 
the  **  wire ''  lamp  has  been  proved  to  be  at  least  equal  to  that  «f  the 
carbon. 

The  limiting  of  pressure  to  about  lao  volts  prevents  the  free  use  of 
wire  lamps  on  many  public  supply  circuits ;  but  I  have  found  little 
difticulty  in  securing  economic  and  convenient  arrangements  for  the 
larger  rooms  by  running  two  lamps  in  series.  With  new  private  plants, 
where  the  pressure  can  be  fijted  at  about  100  volts,  the  15  and  11  cp» 
lamps  are  sufficient  for  all  purposes  except  in  the  few  passages  and 
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lavatories,  where  5  or  8  c,p*  carbon  lamps  are  preferable.  If  new  work  Mr.SneuT 
be  carefally  planned,  a  considerable  saving  can  be  made  in  outlay  for 
plant.  In  a  recent  case  I  was  able  to  save  about  30  per  cent,  in  the 
sixc  of  engine,  dynamo  and  battery,  and  40  per  cent,  in  the  larger 
copper  conductors  by  the  use  of  wire  lamps.  I  have  found  no  special 
difliculty  in  grading  two  lamps  of  the  same  c.p,  to  run  two  in  series* 
In  my  private  office  there  are  two  21-c-p.  lamps  thus  connected  ;  one 
has  been  in  use  eighteen  months,  the  other  six  months.  The  office 
lamps  got  mixed  iniidvertcntly  during  cleaning,  and  the  difference 
in  "colour"  was  not  noticed  until  1  made  one  of  my  periodic 
examinations  of  the  lamps,  I  have  found  more  difficulty  in  this 
respect  with  the  5o*c.p,  lamps  marked  for  120  volts*  The  difference 
in  c.p,  is  of  course  most  marked  in  the  first  few  hours,  before  the 
newer  lamp  has  passed  the  point  of  maximum  illumination. 

Mr.  C*  TuRNBULL  {contmunimUd)  t  It  is  frequently  stated  that 
Kernst  lamps  must  not  be  reversed.  We  have  some  in  tise  here 
in  the  generating  station,  where  the  voltage  is  reversed  two  or  three 
tirnes  a  night,  when  the  station  load  is  put  from  one  side  of  the  system 
to  the  other  to  assist  the  balancer.  They  actually  run  better  under 
these  conditions  than  the  Kernst  lamps  in  the  town  which  are  not 
reversed.  I  have  a  burner  which  has  run  about  t^ooo  hours,  and  it  is 
^  excellent  condition  and  shows  no  signs  of  decay.     The  burner  has 

under  its  voltage  part  of  the  time,  because  it  is  of  high  enough  volts 
to  lake  the  high  pressure  which  is  necessary  in  the  station  on  the  peak  of 
the  load.  After  the  load  has  gone  off  the  burner  would  be  under -run 
about  20  volts,  and  this  partly  accounts  for  the  long  life*  At  the  same 
time  it  must  be  admitted  that  it  seems  to  be  all  the  betier  for  its 
frequent  reversing,  and  it  would  be  interesting  to  know  if  others  have 
had  the  same  experience.  Possibly  it  might  be  worth  while  to  wire 
Nernst  lamps  on  to  reversing  switches  so  that  the  current  was  reversed 
every  time  the  lamp  was  put  on. 

Mr.  Lionel  Causch  (communicated) :  May  I  point  out  that  the 
melting-point  of  the  rare  metals  is  of  httle  importance  to  materials 
jivailable  for  metalhc  filament  lamps  ?  Carbon,  as  is  well  known, 
is  the  most  refractory  metal  we  know,  melting,  it  is  believed,  at 
about  3,600''  C»,  and  yet  it  is  an  unsatisfactory  material  for  lamp 
hlaments. 

The  reason  for  this  is  that  the  limit  of  temperature  at  which  wc  can 
work  our  filament  is  not  the  melting-point,  but  the  temperature  at 
which  the  evaporation  of  the  filament  becomes  so  rapid  as  to  limit 
lU  life.  This  happens  wlien  we  overrun  a  carbon  lamp  :  we  increase 
its  efficiency  by  sacrificing  its  hfe. 

Now  the  metak  zirconium,  osmium,  tantalum^  tungsten,  etc.,  have  a 
far  lower  meUing-point  than  carbon,  but  they  have  at  the  same  high 
temperature  a  lower  vapour  tension,  which  is  possibly  due  to  their 
greater  atomic  weight.  Therefore  wc  can  work  the  filament  at  a 
bigher  temperature  than  a  carbon  filament  and  get  a  higher  efl&- 
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Mr.  CaUsch.    a  few  years  ago,  and  he  again  draws  attention  to  this  fact  in  a  recent 
article.* 

Mr.  H.  S.  Davies  (communicated)  :  There  are  a  few  points  upon 
which  I  should  like  to  touch  in  regard  to  incandescent  lamps ;  first, 
as  there  is  a  perceptible  difference  in  the  length  of  life  of  a  lamp 
caused  by  a  variable  pressure  of  from  5  to  15  per  cent.,  I  think  the 
lamp  manufacturers  should  endeavour  to  make  their  lamps  capable  of 
standing  a  greater  variation  of  pressure  than  at  present.  For  there  are 
very  few  central  stations  where  the  voltage  does  not  vary  more  than 
3  per  cent.  An  examination  of  the  self-recording  voltmeter  charts, 
will  bear  out  what  I  state,  for,  as  a  rule,  they  show  anything  but  a 
very  straight  line.  To  some  lamps  a  varying  pressure  is  fatal ;  the 
Nernst  in  particular  is  thrown  out  of  adjustment  with  a  5  per  cent,  rise 
in  pressure  on  A.C.  circuits,  which  is  no  unusual  rise  on  a  supply 
system. 

We  have  tried  many  hundreds  of  incandescent  lamps  from  difiFerent 
makers,  and  have  found  that  they  were  unable  to  withstand  for  any 
length  of  time  an  alternating  current  of  a  pressure  varying  from  5  to 
15  per  cent. 

I  have  not  yet  discovered  a  4- watt  per  candle  lamp  that  will  give 
not  more  than  0*2  of  a  watt  increase  per  candle  after  a  500  hours*  life, 
or  an  increase  of  only  5  per  cent.  The  ordinary  carbon  filament  lamp 
not  only  decreases  in  c.p.  with  age,  but  increases  the  watts  per  candle. 
So  perhaps  I  am  asking  too  much  in  the  above. 

Mr.  Swinburne  (in  reply) :  I  have  very  little  to  say  in  reply, 
because  my  paper  was  largely  written  for*  the  purpose  of  eliciting 
information,  and  it  has  been  very  successful  in  that  direction.  As 
regards  the  tantalum  lamp,  Messrs.  Siemens  have  written  to  say  that 
the  difificulties  connected  with  alternating  current  are  due  to  crystal- 
lisation, and  that  they  depend  on  the  frequency  and  shape  of  the  curve. 
It  seems  to  me  very  likely  that  it  is  simply  due  to  the  waggling  of  two 
neighbouring  wires,  and  of  course  the  quicker  the  waggling  the  more 
it  will  affect  them.  Many  metals  will  not  stand  vibration.  If  a 
submarine  cable  is  suspended  across  a  depression  on  the  bottom,  the 
ocean  current  may  vibrate  it,  and  break  the  copper  inside  the  steel 
protection.  In  the  early  days  of  arc-light  dynamo  making  we  came 
across  the  same  phenomenon.  I  am  also  told  that  pure  tantalum  is 
not  hard — the  hard  material  is  really  an  alloy.  Leaving  the  question 
of  the  tantalum  lamp,  Dr.  Harker  showed  us  some  silicon  carbide, 
and  pointed  out  that  it  went  in  what  he  thought  was  a  peculiar  way. 
I  would  suggest  that  we  must  not  be  discouraged  by  that  experi- 
ment from  working  with  carbides  like  silicon  carbide,  because  I  think 
there  must  have  been  something  wrong  with  it.  Silicon  carbide  is  an 
endothermic  compound,  and  is  therefore  probably  not  dissociated  by 
heat.  It  is  made  at  a  very  high  temperature,  at  a  much  higher  tem- 
perature than  he  showed  us.  Dr.  Harker  got  it  so  hot  that  the  silicon 
burned  very  quickly.  Silicon  has  a  very  great  greed  for  oxygen,  as  the 
•  Electrical  World,  vol.  48,  1906,  p.  1041. 
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people   who  run  converters   with   silicon  iron   know.      The  heat  of 

combination  of  siHcon  and  oxygen  is  very  high  ;  and  what  probably 

occurred  in  Eh-*  Marker's  experiment  was  that  he  got  the  carbide  hot 

&nd  practicjilly  burned  it  in  air.    It  does  not  follow,  however,  that 

anything  of  the  sort  would  happen  in  vacuum*    Mr.  Story  made  a 

^Ucon  carbide  filament  here  last  week*    The  new  200- volt  Irimp  shown 

to  us  on  the  last  occasion,  and  aho  again  to-night,  seems  to  me  to  be  an 

important  improvement.     It  is,  1  thinkjhe  lirst  200- volt  wire  lamp,  but 

It  is  also  important  in  another  waVi  ifj  as  I  am  told,  It  is  made  of 

akconium  and  tungsten.     I  would  suggest  it  is  probably  not  an  alloy  at 

because  an  alloy  w^ould  probably  have  a  low  melting  pointy  and  that 

s  may  be  the  first  of  a  series  of  new  compounds.     Mr,  Cooper  and  I 

re  discussing  this,  and  we  were  rather  suggesting  that  probably  it  is 

adrconide.    Zirconium  is  rather  akin  to  silicon  and  carbon,  and  it  is 

possible  this  is  the  first  of  a  new  series  of  compounds  which  may  play  a 

important  part  in  electric  lighting.    I  have  never  heard  of  zircon  ides 

ore,  but  it  looks  as  if  this  was  one.     I  will  only  refer  to  one  other 

point,  and  that  is  Mr*  Solomon's  and  Mr*  Hirst's  able  defence  of  their 

Own  people  in  employing  experts.     I  am  very  glad,  but  I  am  afraid  it 

'5  not  always   so,  because   my  remarks  were    based  on  trustworthy 

information  which  came  from  another  quarter. 

The    Preside  XT  :  Before  asking  you  to  accord  a  hearty  vote  of 

*hank5  to  Mr.  Swinburne  for  his  paper^  I  want  to  make  one  remark. 

^T.  Marker  put  before  us  last  time  a  table  giving  the  melting-points  of 

^  number  of  elements,  so  far  as  they  were  knovi^n  at  the  date  of  his 

^Ijser  vat  ions*     It  is  the  product  of  a  very  considerable  amount  of  work, 

^^d  it  is  based  on  the  results  of  several  workers,  some  of  them  at  the 

l^cichsanstah,  and  others  of  our  own.    The  very  next  morning  after  the 

t^upcT  WES  read  we  received  from  the  Hcichsanstah  a  paper  in  which, 

^  am  sorry  to  say,  they  revise  the  basis  upon  which  a  large  number  of 

the  figures  in   the  table  have  been  calculated.     80  that  I  am  afraid 

l>r.    Harker  would  have  put  those  figures  before  you,  had  be  been 

5ipeaking  to-night,  perhaps  with  somewhat  less  confidence  than  he  did 

•I  week  ago*     I  do  not  think  the  table  can  be  corrected  in  accordance 

with  the  new  data,  as  they  arc  too  insufficient  at  present,  but  they 

throw  some  doubt  on  the  melting-point  of  platinum,  on  which  many 

of  the  other  points  are  based.     It  is  a  very  complicated  matter,  and  I 

understand  from  the  communication  that  it  is  by  no   means  certain 

that  the  authorities  of  the  Reich sanslalt  entirely  accept  the  new  basis. 

At  any  ratCt  it  is  staled  definitely  at  the  end  of  the  paper  that  they  do 

not  intend  to  alter  their  own  standards. 

I  now  ask  you  to  accord  your  !iearty  thanks  to  Mr.  Swinburne  for 
bis  paper,  and  not  only  to  Mr.  Swinburne,  but  to  the  several  members 
who  have  so  kindly  come  forward  and  made  this,  I  think  I  may  say,  a 

Imost  interesting  and  important  occa;,ion.  We  have  had  exhibits  of 
tamps  from  Messrs,  Siemens,  from  the  General  Electric  Company, 
from  the  Dowsing  Company,  from  tlie  British  Thomson- Houston 
Compmny,  and  from  the  British  Westinghouse  Company*     Professor 


Mr, 


Ttjf! 

Prudent. 
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The^^^^^  Sw  P.  Thompson  was  good  enough  at  the  last  meeting  to  bring  a 
microscope  and  show  us  some  interesting  slides,  and  to-night  he 
has  also  shown  us  some  slides  of  very  great  interest  I  think  I 
shall  be  only  expressing  your  wishes  when  I  ask  you  to  accord  a 
vote  of  thanks  to  Mr.  Swinburne  and  to  those  other  gentlemen  who 
have  helpec^us  in  this  matter. 

The  resolution  was  then  put,  and  carried  with  acclamation. 
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Proceedings  of  the  Four  Hundred  and  Forty-ninth 
Ordinary  General  Meeting  of  the  Institution  of 
Electrical  Engineers,  held  in  the  Rooms  of  the 
Institution  of  Civil  Engineers,  Great  George 
Street,  Westminster,  on  Thursday  evening, 
January  17,  1907 — Dr.  R.  T.  Glazebrook,  F.R.S., 
President,  in  the  chair. 


The  minutes  of  the  Ordinary  General  Meeting  held  on  Thursday, 
January  10,  1907,  were  taken  as  read,  and  confirmed. 

Messrs.  C.  K.  Falkenstein  and  V.  A.  Fynn  were  appointed  scrutineers 
of  the  ballot  for  the  election  of  new  members,  and,  at  the  end  of  the 
meeting,  the  following  were  declared  to  have  been  duly  elected  : — 


As  Members, 


Thomas  Henry  Unite  Aldridge. 
Oscar  Howard  Baldwin. 


Augustine  Robert  Everest. 
Robert  E.  T.  Hartmann-Kempf. 


As  Associate  Members. 


Ernest  Atkinson. 

John  Pery  Bradshaw. 

Wilfred  James  Burford. 

Edward  Stanley  Pardon. 

Harold  Hill. 

Douglas  Edgar  Edwin  Giles. 


Alfred  Johnson  Harrison. 
Arthur  Hart. 

Frederick  Henry  Hartmann. 
Samuel  Hodgson. 
Graham  Montague. 
Bernard  Louis  Myer. 


Archibald  Macdonald. 


Francis  Dixon  Abbott. 
Robert  Philip  Abel. 
Arthur  John  Aldridge. 
Arthur  Liddiard  Annison. 
John  Aylmer. 


As  Associates. 

I      Robert  Newby  Hartley  Reid. 

As  Students. 

Arthur  Chantry  Baker. 
Rabindra  Nath  Banerji. 
Norman  H.  Barker. 
Habib  Basta. 
Walter  Jervis  Batchelor. 
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Ja].  R.  Batliboi. 
Harry  Latour  Bazalgette. 
James  Robert  Beard. 
Robert  Lancaster  Bell. 
George  William  Blankley. 
Henry  Percy  Bramwell. 
Raymond  Brooke-Little. 
James  Illingworth  Law  Brooks. 
Richard  Arthur  Broster. 
Ivan  Crisp  Brown. 
Wilfrid  Ormerod  Burgoyne. 
Samuel  Bury. 
Frank  Camden. 
A.  H.  M.  Campion. 
Christopher  Charles  Casperd. 
Percy  West  Charlton. 
Ashford  Vincent  Clarke. 
John  James  Climas. 
John  Connor  Connor. 
Bernard  Alfred  Martin  Cooper. 
Robert  Crawford. 
William     Campbell     Crockatt, 

B.Sc. 
Walter  Leslie  Davis. 
John  McLeod  Donald. 
Frederick  P.  Dumjahn. 
Frank  Gordon  Dunn. 
Francis  Thomas  Emberton. 
Charles  George  Gordon  Faine. 
Sidney  Woods  Farnsworth. 
Edward     Victor      Beauchamp 

Fisher. 
William  Nelson  Rich  Garnc. 
Horace  Gray  Gilliland. 
Oscar  Mcintosh  Goddard. 
Tom  Golding. 
Ronald  Grierson. 
James  Park  Hacking. 
John  Hargrove. 
Arthur  Forrest  Henderson. 
Sydney  Kirkness  Heppell. 
Percy  Garabaldi  Hugh. 
Aubrey  Illingworth. 
Cecil  Turner  Inman. 
Daniel  Jenkins. 
Lawrence  Walter  Johnson. 
Ernest  G.  Kennard. 
Thomas  Moore  Kirkby. 


Robert  Henry  Lee. 
Frank  Mignifie  Lines. 
Edward  Mallett. 
Renold  Marx. 
James  Meredith. 
William  Leavis  Merrick. 
James  Miller. 
Allan  Monkhouse. 
William  Harold  Morgan. 
Robert  Torrens  Mulholland. 
Frank  Henry  Has  well  Oakley. 
George  Wood  Pearce  Page. 
CecU  Frederic  Pallott. 
Abraham  Richard  Palmer. 
Henry  Edward  Parry. 
Sydney  Charles  Potts. 
Henry  Walter  H.  Richards. 
Harold    Willoughby    Richard- 
son. 
James  Hepburn  Rickie. 
Richard  Clive  Rigby. 
Cornelius  Rissik. 
Henry  Rivers  Rivers- Moore. 
James  John  Roberts. 
Joseph  A.  Rugeroni. 
Norman  C.  J.  Saunders. 
Cecil  Albert  Schurr. 
Malcolm  Innes  Lewis  Smith. 
Leslie  Bevis  Sparks. 
Edward  Dugdale  Spencer. 
Robert  Whitfield  Stanners. 
Joseph  Pearce  Stockbridge. 
Alexander  Sutherland. 
Archibald  Stephen  Talbot. 
William  Sennett  Thorn. 
Hubert  Royds  Tidswell. 
Frank  Edgar  Tilley. 
Hugh  Carleton  C.  Tufnell. 
Walter  Lyman  Upson. 
Chotalal  H.  Vora. 
Thomas  Walmsley. 
Stan  Sylvester  A.  Watkins. 
Andrew  Weiss. 
Charles  G.  Wilcox. 
Christopher  Kenneth  Wise. 
Reginald  Dashwood  W^olfgang. 
William  Henry  Wood. 
Robert  Yorke. 
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Donations  to  the  Building  Fund  were  announced  as  having  been 
received  since  the  last  meeting  from  R.  A.  Dawbarn,  W.  B.  Marr, 
J.  Shaw,  H.  D.  Symons ;  and  to  the  Benevolent  Fund  from  F.  Gill, 
H.  A.  Irvine,  R.  Robertson,  and  J.  G.  Wilson,  to  all  of  whom  the 
thanks  of  the  meeting  were  duly  accorded. 

The  President:  Before  we  come  to  the  formal  business  of  the 
meeting,  I  have  the  very  great  privilege  of  announcing  that  our  friends 
the  members  of  the  German  Elektrotechnischer  Verein  and  of  the 
Verband  Deutscher  Elektrotechniker  have  most  kindly  and  generously 
sent  to  us  the  very  beautiful  address  which  is  lying  on  the  table  as  a 
token  of  thanks  for  the  entertainment  we  were  able  to  give  them  last 
July,  and  a  recognition  of  the  pleasure  they  received  from  their  visit 
to  our  country.  The  address  will  lie  on  the  table  for  members  to 
examine  afterwards  if  they  wish. 

The  discussion  on  Mr.  Swinburne's  paper  was  concluded  (see 
page  233),  and  the  meeting  adjourned  at  9.35  p.m. 
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Proceedings  of  the  Four  Hundred  and  Fiftieth 
Ordinary  General  Meeting  of  the  Institution 
of  Electrical  Engineers,  held  in  the  Rooms  of 
the  Institution  of  Civil  Engineers,  Great  George 
Street,  Westminster,  on  Thursday  evening, 
January  24,  1907 — Dr.  R.  T.  Glazebrook, 
F.R.S.,   President,  in  the  chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on  January 
17,  1907,  were  taken  as  read,  and  confirmed. 

The  list  of  candidates  for  election  into  the  Institution  was  taken  as 
read,  and  it  was  ordered  that  it  should  be  suspended  in  the  Library. 

The  following    list  of    transfers   was  published  as  having  been 
approved  by  the  Council : — 

TRANSFERS. 

From  the  class  of  Associate  Members  to  that  of  Members  : — 
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INVESTIGATIONS  ON  LIGHT  STANDARDS  AND 
THE  PRESENT  CONDITION  OF  THE  HIGH- 
VOLTAGE  GLOW   LAMP. 

BfitNG  AK  Account  of  Tests  made  at  the  National  Physical 

LABORATORYi 

By  Clifford  C.  Paterson,  Associate  Member. 

(Paper  rmd  January  24,  1907,} 

Four  years  bavc  now  elapsed  smce  Dr,  Fleming  raised  the  general 
question  of  photometr}"  before  this  Institution  in  a  coiiiprehensi%'e  paper 
On  electric  lamps** 

The  paper  dealt  in  a  very  thorough  way  with  the  general  position  of 
light  standards  in  1902,  and  Dr.  Fleming  pointed  out  the  uncertainty 
w^bich  existed  in  photometric  comparisons  at  tlie  time,  due  in  no  small 
«it*grce  to  the  difftculty  of  reproducing  light  standards  accurately,  and 
^so  to  uncertainties  which  existed  as  to  their  relative  values, 

Tbc  issue  by  the  Engineering  Standards  Committee  of  tlieir  Spcci- 
ft cation  for  Carbon  Filament  Glow  Lamps  gives  the  subject  a  fresh 
significance,  and  it  is  the  object  of  the  author  in  this  paper  to  lay 
before  the  Institution,  first  of  all  the  results  of  some  investigations  on 
Bame  standards  made  at  the  National  Physical  Laboratory^  and  after- 
wards to  describe  other  tests,  some   of    which  were  carried  out  on 
carbon  filament  lamps  for  the  Engineering  Standards  CommitteCp  to 
whose  courtesy  the  author  is  indebted  for  permission  to  publish  the 
results. 

The  author  hopes  that  the  data  given  here  will  be  of  value  to  the 
electrical  and  gas  industries,  and  that  in  the  discussion  on  the  paper 
members  of  the  Institution  will  enhance  its  usefulness  by  freely 
expressing  their  opinion  upon  any  of  the  points  which  are  touched 
upon  in  it, 

COMKARISON  OF  FLAME  STANDARDS. 

The  investigations  referred  to  were  undertaken  two  years  ago  at 
the  instigation  of  the  Institution  of  Gas  Engineers  with  the  object  of 
determining  the  ratio  between  the  candle  powers  of  the  three  principal 
standards  as  used  by  the  gas  industries  at  the  present  time  tn  France, 
Germany,  and  Great  Britain,  The  author  desires  to  acknowledge  the 
kindness  of  the  Institution  of  Gas  Engineers  in  allowing  the  publication, 
in  this  paper^  of  the  main  features  of  the  report  which  was  submitted 
■  fmtruat  InslituUon  t^f  Ei^ctHcal  Engintent  vaL  3:7,  1903,  p,  iii>. 
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lo  Ihem  eighteeti  months  ago,  and  which  they  have  only  refrained 
from  publishing  earlier  at  the  request  of  the  Intcrrn^tionaJ  Photo- 
nic trie  Commission* 

This  Commission,  on  which  the  Institution  of  Gas  Engineers  h 
represented,  arranged  for  similar  tests  to  be  made  in  France  and 
Germany  in  order  to  obtain  a  set  of  independent  comparisons  which 
shall  enable  the  ratios  between  these  standards  to  be  defined  with 
more  certainty  and  greater  accuracy  than  at  present. 

The  results  of  tests  in  Fr;ince  and  Germany,  although  completed 
more  recently ^  have  already  been  published,*  and  a  comparison 
of  the  figures  is  exceedingly  interesting  as  showing  the  order  of  agree- 
ment which  has  been  obtainable  in  the  photometric  measurements 
made  by  separate  observers  working  under  different  conditions  with 
different  apparatus, 

A  detailed  comparison  of  the  methods  adopted  in  carrying  out  the 
tests  cannot  usefully  be  made  until  the  full  report  of  the  Commission 
has  been  published,  hut  the  results  of  the  tests  in  the  various  labora- 
tories  are  tabulated  and  compared  at  the  close  of  this  section  of  the 
paper. 

The  standards  to  which  reference  has  been  made  are  respectively 
the  Carcel,  the  Hefnerj  and  the  lo* candle- power  Harcourt  pentane 
lamps.  In  all  measurements  which  are  described  here  special  care  hai 
been  taken  in  the  manipulation  of  the  lamps  so  as  to  conform  to  the 
same  regulations  and  practice  which  are  observed  in  the  countriei- 
in  which  they  are  the  recognised  standards. 

Influence  of  Atmospheric  CoNDrttoMs, 

It  is  flow  generally  appreciated  that  atmospheric  conditions  hav^ 
an  important  influence  on  the  candle  power  of  flame  standards,  Dr- 
LiebenthaU  at  the  Reichsanstalt,  was  the  first  to  make  quantitative 
measurements  in  order  to  determine  the  amount  of  their  influence  on 
the  candle  power  of  lamps.  He  investigated  two  standards,  the  Hefner 
lamp  and  the  Woodhouse  and  Rawson  i-candle  pentane  lamp,  and  the? 
formulae  (referred  to  later  in  this  paper)  which  he  found  for  correcting 
the  Hefner  lamp  are  now  generally  accepted* 

In  a  photometer  room  the  principal  variations  to  which  air  is  liable 
are  the  following  :— 

i.  Variation  in  the  amount  of  carbon  dioxide. 
1.  Variation  in  the  amount  of  water  vapour, 

3.  Variation  in  the  proportion  of  oxygen  and  nitrogen. 

4,  Changes  in  Isarometric  pressure, 

•  Socieii  IntemationaU  iia  EUctricien^  Bulktiu,  vol  6.  ser.  2,  iqo6.  p.  ^75,  ■*  itiid^ 
lUr  k  Rapport  ilts  trolii  lamped  Cared.  Hefner*  et  Vernon  Harcourt/'  bv  MM.  LapOft*^ 
and  JouauJit,  Also  *♦  EilraJls  du  Rapport  preRcnte  a  la  Commi^ioii'  fnlcrnatipaa]^' 
de  Photometries  by  M.  Perot  and  W.  P*  JancL 

J<3mn&tfUr  Gmbekuchlung,  vol  49i  i<p6.  p^  5S9>    '*  Photomctriscb^  Vcj^uchc,"  efi;.^i- 
by  Dr,  Emil  LiebeiithaJ. 

f  Zeitichrift/ar  Instrum€t€tiHkund£^  vot  IS,  1895,  p.  157. 
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Before  any  measurement 5  with  flame  standards  can  be  considered 
reltabie.  it  must  be  ascertained  that  the  air  is  under  standard  atmo' 
spheric  conditions,  at  least  as  regards  2,  3,  and  4.  If  the  conditions 
be  abnormal,  the  amount  of  water  vapour  in  the  air  a?i  well  as  the 
barometric  pressure  must  be  known. 

In  making  measurements  to  determine  the  amount  of  candle-power 
variation  due  to  any  one  of  the  above  atmospheric  changes,  it  is  very 
dilticult  artilicialiy  to  increase  or  decrease  one  without  at  the  same 
time  varying  the  others-  and  although  attempts  were  made  by  the 
author  to  vary  artificially  the  amounts  of  carbon  dioxide  and  water 
ra^pour  in  the  air,  the  results  were  diffictilt  to  interpret.  The  method 
was,  therefore,  discontinued  in  favour  of  the  plan  of  waiting  till  the 
weather  changed,  and  the  desired  conditions  came  in  the  ordinary 
course  of  events* 

As  these  experiments  must,  in  the  nature  of  things,  cover  a  con- 
hiderable  time,  more  extended  investigations  have  been  made  by  the 
author  on  the  Harcourt  lo-candle  pentane  lamp.  This  is  the  standard 
of  the  Metropolitan  Gas  Referees,  and  has  been  adopted  at  the 
National  Physical  Laboratory  as  being  the  most  convenient  unit  of 
light,  and  the  Standard  whose  value  is  now  most  generally  recognised 
as  representing  that  of  ten  British  Parliamentary  candles. 

Carbon  Dhxide.^ln  order  to  determine  the  effect,  if  any,  of  varia* 
tions  in  the  amount  of  CO,  present  in  the  air,  samples  of  air  were  taken 
from  the  neighbourhood  of  the  lamps  whilst  observations  were  being 
made.  The  air  was  slowly  drawn  into  previously  exhausted  io4itre 
vessels  which,  when  full,  were  tightly  stoppered  and  examined  at  the 
end  of  the  observations. 

Table  L 


COLOUN  t. 

Houn 

tttif  U^One  up, 

COLUHW  I- 

C^ndle  Power  at 
Peotane  Ljitip. 

CO,  in  Utrea 
ptr  Cubic  Metre, 

CoLensa  4. 

Water  Vapour  in 

UtreapcT  Cubic  Met™ 

of  Pu«  Air. 

0 

1 

10106 

975 
9-60 

9'45 

9-33 

09 

i"4 

I '9 

9*0 

io'6 
11*0 

12*2 

The  amount  of  CO^  was  determined  by  shaking  tjp  with  barium 
hydrate  and  subsequent  titration  with  oxalic  acid.  It  was  found  that 
the  normal  variation  of  carbon  dioxide  in  the  air  at  Bnshy  House  only 
covered  a  range  of  from  0-3  to  07  parts  per  thousand,  and  no  candle- 
f*ower  difference  was  observable  due  to  this  amount  of  change, 

Vou  88,  18 
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In  order  to  increase  the  effect  and  to  deterntine  whether  the  intro- 
duction of  CO  J  into  the  atmosphere  of  a  closed  room  had  an  appreciable 
effect  on  the  candle  power  of  the  lamp,  the  latter  was  burnt  in  a 
closed  room  for  several  hours  under  normal  atmospheric  conditions. 
The  test  was  then  repeated  witti  the  introduction  of  additional  CO,  into 
the  atmosphere.  The  results  of  the  latter  test  arc  given  in  Table  L 
After  correcting  for  the  increase  of  humidity,  the  decrease  in  candle 
power  after  4^  hours  amounts  to  some  5  per  cent.,  which  is  very  Uttle 
in  excess  of  the  observed  decrease  when  the  lamp  is  merely  left  burning 
in  an  ordinary  closed  room.  These  tests  are  not  quantitative,  but  serre 
to  show  that  an  increase  of  CO,  considerably  above  the  maxitnum 
amount  met  with  in  ao  ordinary  ventilalt^d  photometer  room  has  no 
appreciable  effect  on  the  candle  power  of  the  lamp. 

Dr.  Liebenthal  found,  from  experiments  in  which  he  artificially 
increased  the  amount  of  CO^  to  14  litres  per  cubic  metre,  that  the 
candle  power  of  the  Hefner  lamp  varied  07  per  cent,  for  an  increase 
of  1  litre  per  cubic  metre>  As  the  amount  of  COa  in  a  closed  room, 
5  X  6^  X  4  metres,  in  which  the  lamp  has  been  burning  for  upwards 
of  one  hour,  only  varies  from  about  0'5  to  o^H  litre  per  thousand,  the 
influence  of  carbon  dioxiflc  on  the  candle  power  of  flame  standards 
may  be  consulvred,  for  practical  purposes^  as  negligible. 

IValcr  Vapour. — The  amount  of  water  vapour  in  the  air  is  the  most 
disturbing  factor  to  be  considered  in  dealing  with  flame  standards,  as 
it  cannot  he  remedied  by  ventilation  of  the  photometer  room.  There 
are  large  natural  variations  in  humidity  throughout  the  year,  and  rapid 
changes  from  day  to  day. 

The  total  variation,  for  instance,  in  the  candle  power  of  the  pentane 
lamp  between  a  warm,  damp  day  in  summer  and  a  frosty  one  in  winter, 
may  amount  to  10  per  cent,,  and  between  two  consecutive  days  it  is 
frequently  2  per  cent,  or  3  per  cent.— the  changes  in  the  Hefner  lamp 
from  this  cause  being  very  little  less  than  in  the  pentane* 

A  discussion  of  the  various  methods  of  measuring  humidity  is  a 
subject  which  hardly  comes  within  the  scope  of  this  paper.  The 
chemical  method,  Dynes  dew-point  hygrometer,  the  ordinary  wet  and 
dry  bulbs*  and  tlie  Assmann  ventilated  wet  and  dry  bulb  thermometers 
have  ail  been  used.  The  last-mentioned  instrument  has  been  found  lo 
give  the  most  reliable  and  consistent  readings,  as  well  as  being  the 
easiest  to  manipulate. 

The  author  reproduces  in  Fig,  t  a  curve  which  he   has  already 

published  *  showing  the  effect  of  variations  in  the  humidity  of  the 

atmosphere  on  the  candle  power  of  the  pentane  lamp  i  candle  power 

is  plotted  vertically,  and  humidity  horizontally*    The  latter,  for  obwus 

reasonSj  is  stated  volumetrically,  and  is  expressed  as  the  number  of 

Htres  of  w^ater  vapour  per  cubic  metre  of  dry  air.   If,  therefore,  e  stainds 

for  the  aqueous  pressure^  then  the  water  vapour  per  cubic  mctr^  of 

pure  air  e 

*^  =;7^r7  ^  1, 000  litres 

where  h  is  the  reading  of  the  barometer. 

•  Report  a/iki  Briiish  Asi0Cuiiumt  19^1- 
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Each  point  on  the  curve  is  the  mean  of  a  set  of  observations  simikr 

to  that  described  on  page  283*  None  of  the  atmospheric  conditions  were 
artiBciaily  produced,  but  the  results  were  obtained  by  observations 
taken  under  normai  conditions  throughout  the  year.  The&e  show* 
therefore^  the  kind  of  candle-power  variations  which  may  be  expected 
when  using  the  lamp  under  favourable  conditions — amounting  to  a 
possible  error  J  due  to  humidity  alone,  of  plus  or  minus  5  per  cent* 

The  curve  has  been  obtained  from  the  barometer  and  humidity 
readings  by  the  method  of  least  squares.    On  the  assumption  that  the 
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Fig.  2.— Diagram  showing  Mean  Humidity  for  each  Month  of  the  Year* 


variations  follow  straight-line  laws,  the  following  formula  is  obtained 
connecting  candle  power  and  humidity  for  the  10- candle  lamp  ;— 

Candle  power  =  10  +  0*066  (10  —  t) 

where  c  is  the  number  of  litres  of  water  vapour  per  cubic  metre  of 
dry  air. 

It  wdl  be  observed  from  this  formula  that  the  candle  power  of 
the  lamp  has  its  standard  value  when  the  volume  of  water  vapour  is 
10  litres.  This  6gure  has  been  taken  as  representing  very  nearly 
indeed  the  mean  humidity  over  the  three  years  1897-8  and  9,  both  al 
the  Meteorological  Office  in  Victoria  Street  and  at  the  Observatory 
Department  of  the  National  Physical  Laboratory.  The  former  gives 
a  mean  of  10*04  litres  per  cubic  metre,  and  the  latter  9-85,  The  curve 
in  Fig.  2  shows  the  mean  humidity  over  three  years  for  each  month 
of  the  year  as  found  at  the  Observatory,     Humidities  are  plotted  as 
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ordiiiates  on  the  left-hand  side  and  percentage  variation  in  candle 
power  on  the  right.  It  will  be  seen  from  this  that  the  average  monthly 
humidities  range  from  7  to  14,  corresponding  to  errors  of  about  plus 
or  minus  2  per  cent,  in  candle  power.  As  already  observed,  however, 
individual  observations  are  liable  to  twice  this  error. 

Fig*  3  gives  a  curve  similar  to  that  shown  in  Fig*  1 ,  but  obtained  for 
the  Hefner  lamp.    Its  candle  power  is  expressed^  for  the  sake  of  com- 
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Fig,  3.— Hefner  Lamp— Vat iation  of  Candle  Power  dtie  to  Humidily. 

parison»  in  terms  of  the  pentane  lamp  byrning  in  an  atmosphere 
containing  10  litres  of  water  vapour  per  cubic  metre  of  pnre  air.  Two 
lamps  previously  certiiied  by  the  Reich sansjtalt  (the  German  Standards 
Laboratory)  were  used  in  the  experiments^  the  observations  on  the 
individual  lamps  being  shown  separately  by  the  side  of  the  main 
diagram,  in  which  all  points  have  been  plotted.  The  formula  obtained 
from  these  observations  is— 

Candle  power  (pentane  units)  ^^0*914  -f-  0*006  (8^li  —  tl 
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Dr.  Liebenthal,^  from  the  average  of  a  much  larger  number  of  observa* 
tions  made  over  a  greater  range  of  humidity,  found  a  formula  which, 
using  the  ratio  of  Hefner  to  pentane  as  o"9i4,  gives  the  following 

relation  ; — 

Qindlc  power  (pentane  units)  ^  0^914  +  0*005  (^*^  —  *)" 

As  this  is  based  on  more  numerous  data,  it  5^hould  be  accepted  m 
preference  to  that  given  by  the  author  for  the  Hefner  lamp.  It  may 
be  notedj  however,  that  the  difference  between  the  two  formulae  pro- 
duces a  discrepancy  of  under  i  per  cent*  in  candle  power  even  for  an 
extreme  case. 

As  all  the  observations  were  made  in  the  neighbourhood  of  88 
litres  of  moisture  (which  is  tUe  humidity  fixed  by  the  Reichsanstalt 
at  which  the  lamp  shall  be  taken  as  giving  i  Hefner  candle),  tbe  exact 
value  of  the  humidity  constant  will  not  affect  the  accuracy  of  the  ratio 
found  for  the  candle  power  of  the  two  standards^ 

A  similar  set  of  experiments  was  made  with  two  Carcel  lamps^  but 
the  want  of  constancy  in  the  lamps  themt^elves  introduced  incon- 
sistencies into  the  results  which  were  of  a  greater  order  of  magnitude 
than  the  largest  change  produced  by  such  range  of  humidity  as  w^s 
obtainable  at  the  time  of  the  year*  The  results  of  the  tests  have  been 
plotted  in  Fig.  4  in  order  to  obtain  a  graphical  comparison  with  the 
tests  on  the  other  lamps.  They  show  that  the  Carcel  lamp  cannot  be 
relied  upon  for  constancy  to  I  tie  same  extent  as  the  other  lamps.  It 
will  be  seen,  however,  by  the  diagrams  on  the  right-hand  side  of  the 
figure,  that  the  average  candle  power  of  one  Carcel  lamp  is  in  very 
close  agreement  with  the  average  candle  power  of  the  other, 

Thv  Proportion  of  Oxygen  and  Nitrogen  in  (he  i4ir.— The  author  is  not 
aware  that  any  quantitative  measurements  have  yet  been  made  on  the 
diminution  of  candle  power  due  to  a  scarcity  of  oxygen  in  the  photo- 
meter room. 

Dr.  Lie  ben  thai  discusses  the  matter  on  theoretical  grounds,  and  calcu- 
lates that  a  decrease  or  increase  of  r  per  cent,  in  atmospheric  oxygen 
should  make  a  difference  of  4  per  cent,  in  candle  power.  It  h.is  been 
remarked  by  most  experimenters  with  flame  standards,  especially  with 
a  large  unit  like  the  10-candle  pen  tan  e  lamp,  that  the  candle  |>ower 
rapidly  falls  off  in  a  closed  room,  and  that  this  reduction  cannot  t>e 
accounted  for  by  the  increase  of  water  vapour  or  carbon  dioxide  in  the 
air.  The  author  has  made  measurements  in  a  closed  room  of  130 
cubic  metres  capacity,  andfindsthat  the  candle  power  of  the  pentaoe 
lamp  falls  about  t  to  li  per  cent,  in  i  hour. 

Mr.  Dow  t  has  recently  published  some  curves  showing  results  of 
tests  made  at  Kensington  in  a  room  of  about  400  cubic  metres  capacity) 
in  which,  with  two  persons  in  the  room  and  two  gas  burners  alight,  Uie 
candle  power  dropped  some  2*5  per  cent*  in  i  hour, 

•  yoitmitlfilrCmbekHchttittg,  vol.  49*  f<J*^>*  P-  S5^ 

t  "  Suuri^crs  of  Err<ir  to  the  HafLOurt  lo-C.P.  Pentane  Standard,"  by  J,  S,  I>ow> 
B,Sc.,  BkcMi'iii  Hairu',  vol.  59,  lyoO,  p.  44^1. 
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In  a  small*  closed  photometer  room,  in  which  no  effort  is  made  to 
ventilate,  a  variation  of  from  7  to  10  per  cent,  may  quite  possibly  be 
obtained. 

With  a  small  unit  such  as  the  Hefner  lamp,  the  trouble  due  to  this 
cause  ts  not  so  great,  but  it  may  safely  be  said  that  under  no  circum- 
stances is  it  safe  to  use  a  flame  standard  in  a  room  which  has  not  very 
efficient  ventilation. 
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In  the  case  of  a  lo-candle- power  pentane  lamp,  no  measurements 

should  be  relied  upon  which  have  been  made  after  the  lamp  has  been 
burning  in  a  closed  room  for  more  than  15  or  20  minuteis,  unless,  of 
course,  the  source  of  light  which  is  being  measured  is  affected  in  the 
same  way  by  atmospheric  changes. 

The  author  proposes  to  make  some  tests  on  flame  standards  in  the 
near  future,  measuring  at  the  same  time  the  amount  of  oxygen  in 
the  air,  with  the  object  of  determining  if  the  diminution   observed 
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in  Itieir  candle  power,  as  explained  above,  may  be  attributed  to  this 
cause.    The  experiments  would  have  to  be  made  in  a  smalls  closed 

room  into  which  oxygen  can  be  introduced  in  ttrge  quantities. 

These  facts  iUustrate  how  misleading  may  be  the  results  obtained 
froui  comparisons  made  against  a  tlame  standard  unless  proper  pre* 
Ciiutlons  are  taken  and  tlic  necessary  corrections  applied.  Suppose, 
for  iustancej  that  the  tamp  is  being  used  in  a  room  in  which  the 
ventilation  is  bad,  and  causes,  say,  a  drop  of  1^5  per  cent,  in  the 
candle  power  of  the  lamp.  If  the  day  be  hot  and  damp  and  the 
barometer  low  the  lo-candle  lamp  will  be  giving  a  light  of  the  order 
of  9'2  caudles,  and  the  Hefner  lamp  under  the  same  conditions  will  bt 
only  slightly  more  accurate. 

Barometric  Pressure,  —  Under  normal  conditions,  the  amount  oi 
variation  due  to  this  cause  does  not  give  rise  to  such  large  errors 
as  changes  in  humidity.  With  a  high  barometer  the  candle  power 
tends  to  rise,  but  the  amount  of  the  increase  or  decrease  varies  con- 
siderably with  the  type  of  flame — being  o'8  per  cent*  per  10  mm.  varia- 
tion in  barometric  pressure  for  the  io-candle  pentane  lamp,  and 
(according  to  Dr.  Liebenthal)  o"  i  per  cent,  for  the  same  variation  in  the 
case  of  the  Hefner  unit.  The  author  has  found  0^2  per  cent,  in  the 
latter  case,  whilst  Dr.  Liebenthal  linds  0*6  per  cent,  in  the  former. 
The  same  authority  has  found  0^4  per  cent,  in  the  case  of  the  1 -candle 
pentane  flame. 

The  formulae  which  are  most  probably  correct  for  expressing 
candle-power  variations  due  to  barometric  changes  are  as  follows  :^ 

Pentane  lamp  :  Candle  power  =  to  —  0"oo8  (760  —  b\ 
Hefner  lamp  :  Candle  power  s  0-914  —  o'oooi  (760  —  6). 
{Pentane  Units.) 

Photometric  Methods* 

Tlie  foregoing  notes  on  the  variation  of  standards  with  changing 
atmospheric  conditions  make  it  clear  that  it  is  not  sufficient,  in  com- 
paring any  two  flame  standards  of  different  types,  to  fix  them  up  on 
the  bench  and  measure  the  ratio  of  their  candle  powerSj  without 
regard  to  the  state  of  the  air,  on  the  assumption  that  they  will  both  be 
affected  equally  by  it.  Unless  the  atmospheric  conditions  at  the  lime 
of  observation  happen  to  be  standard,  or  very  nearly  standard,  it  will 
be  necessary  to  make  a  series  of  candle  power  comparisons  with 
hygromctric  and  barometric  readings,  A  formula  has  then  to  be 
deduced  from  which  the  candle  power,  under  standard  conditious^ 
may  be  found. 

The  method  of  comparing  two  flame  standards  by  fixing  them  both 
on  a  bench  together,  and  obtaining  points  of  balance  between  them^  is 
not  to  be  recommended,  especially  when  the  ratio  between  them  is  of 
the  order  of  1  lo  10,  as  it  is  in  the  case  of  the  Hefner  and  pentane 
lamps.  The  method  entails  a  change  over  of  the  lamps  to  opposite 
ends  of  the   bench,  a  maximum  difference  of  colour  in   the  photo- 


J 


190?.] 


LIGHT   STANDARDS   AND   GLOW   LAMPS, 


ml 


meter,  aiid  thi^  simultaneous  regulation  of  the  height  of  the  two 
flames — which  is  a  troublesome  operation. 

The  double  comparison,  or  substitution  method,  described  by  Dr, 
Fleming  in  the  paper  already  mentioncds  is  mtich  to  be  preferred.  By 
this  method  a  constant  source  of  lights  such  as  an  electric  lamp^  \s  fixed 
at  one  end  of  the  bench  and  tlie  two  flame  standiirds  to  be  compared 
are  aUernatcly  measured  against  it. 

In  the  te^ts  described  in  this  paper,  each  flame  lamp  was  compared 
through  the  medium  of  an  electric  comparison  lamp  of  suitable  colour 
against  the  large  by  lb  electric  standards  which  now  form  the 
principal  working  standards  of  the  Laboratory,  The  method  has  the 
foUowing  advantages : — 

a.  Only  one  flame  lamp  has  to  be  regulated  at  a  time. 

fr.  Personal  and  bench  errors  are  cHminated. 

f.  A  set  of  observations  is  obtained  from  which  the  relations  between 
candle  power  and  atmospheric  conditions  can  be  deduced  for  each  lamp. 

Descriptiox  of  the  Lamps. 

The  liy-Candk  Harcouri  Pentanc  Lamp.—T\\ft  details  of  this  lamp  are 
too  well  known  in  this  country  to  require  any  but  a  brief  description, 
A  photograph  of  the  lamp  is  shown  in  Fig.  5,  and  a  reprint  of  the  Gas 
Referees'  official  description  is  given  in  Dr,  Fleming's  paper  on 
'*  Photometry  of  Electric  Lamps/'  "^ 

Liquid  pentanc  is  contained  in  the  rectangular  satiu'ator  at  the  top 
of  the  lamp.  Air  passes  in  at  one  of  the  cocks^  and  being  drawn  round 
baffle  plates  over  the  surface  of  the  pen  tan  e,  passes  down  a  rubber  tube 
to  an  argand  burner.  The  air  supplied  to  the  outside  of  this  flame  is 
drawn  through  the  cylindrical  box  enclosing  the  steatite  burner,  whilst 
that  feeding  the  in&ide  of  the  Hamc  is  healed  by  its  passage  up  the 
.annular  space  between  the  outer  and  inner  metal  chimneys.  It  goes 
from  this  through  the  rectangular  box  seen  at  the  top  of  the  chimneys 
and  down  the  centre  of  the  supporting  pillar  to  the  middle  of  the 
burner.  As  far  as  the  author  is  aware,  the  extent  to  which  a  variation 
tn  the  dimension  of  any  part  of  the  lamp  a^ccts  its  candle  power  has 
not  yet  been  determined.  Some  points  in  the  lamp  are^  of  course, 
much  more  sensitive  than  othersj  and  the  author  has  on  hand  at  the 
present  time  a  set  of  experiments  on  a  special  lamp,  by  which  it  is  hoped 
to  ascertain  the  most  important  points  in  its  construction,  and  the 
amount  to  which  a  given  increase  or  decrease  of  the  dimension  of  any 
part  will  affect  the  candle  power. 

The  Metropohtan  Gas  Referees  state  in  their  notification  that  in  regu- 
lating the  height  of  the  flame  to  about  midway  between  the  bottom  of  the 
window  and  the  bar  which  crosses  it,  a  variation  of  a  quarter  of  an  inch 
either  way  does  not  materially  affect  the  candle  power  of  the  standard. 
This  statement  may  be  accepted^  provided  the  accuracy  required  is  not 
greater  than  about  i  per  cent*  If,  however,  measurements  are  to  be 
within  I  his  limit  of  accuracy » it  is  essential  that  the  flame  shall  be  kept 
•  Jautn&l  iHsHtuUon  it/ Eltciricai  Enging^s,  vuL  $2,  t^i,  p.  126. 
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at  the  right  height.  Dr.  Lie  ben  thai  *  finds  that  the  flame  tn^y  rise  above 
the  mark  but  not  fall  below  it.  The  author's  experiments,  however, 
confirm  those  of  other  observers}  in  showing  that  Mr.  Harcaiirt  has  so 
proportioned  the  dmiensions  of  the  lamp  that  when  the  flame  is  at  its 
correct  height  its  candle  power  is  a  maximum — any  variation  above  or 
below  the  normal  height  causing  a  decrease  in  candle  power.  This  is 
a  point  which  is  greatly  in  favour  of  the  lamp,  as  it  means  that  a 
certain  variation  of  height  is  possible,  within  which  it  i^  easy  to 
regulate  the  flame,  and  within  which  the  candle  power  does  not  per- 
ceptibly vary.  By  aflixing  a  piece  of  rubber  tube  to  the  air  inlet  cock  on 
the  saturator,  and  regulatitig  the  flow  of  air  through  it  by  an  ordinary 
screw  clip,  a  most  sensitive  means  of  flame  adjustment  is  obtained. 
The  observer  also  is  able  to  stand  at  such  a  distance  from  the  lamp  that 
he  will  not  disturb  the  steadiness  of  the  flame  through  air  currents 
set  up  by  breathing  near  it.  From  this  point  of  view  the  lamp  compares 
favourably  with  the  Hefner  standard,  the  flame  adjustment  of  whichj  in 
spile  of  the  ingenious  optical  device  employed,  is  a  matter  requiring 
great  patience  and  entailing  some  uncertaint}^. 

The  procedure  which  the  author  has  found  it  desirable  to  adopt 
when  using  the  ^^tandard  is  as  follows  :  The  lamp  is  set  up  plumb  at  th^ 
end  of  the  bench  by  means  of  a  plumb-line  passed  through  the  chimney, 
and  made  to  coincide  with  its  central  axis  by  means  of  a  centring  plug, 
at  the  top.  The  lamp  is  then  levelled  till  the  plumb-bob  hangs  exactly 
over  the  middle  of  the  burner.  A  gauge  of  the  same  pattern  as  that 
employed  by  the  Gas  Referees  is  then  used  to  measure  the  distance 
of  the  lamp  from  the  photometer  It  has  a  pin  at  one  end  which 
exactly  fits  the  centre  of  the  burner,  and  a  shoe  at  the  other  endi 
the  tip  of  which  must  graze  some  known  point  on  the  photometer 
(either  the  screen  or  some  portion  of  the  box  wliich  is  a  definite 
distance  from  it). 

The  lamp  is  lighted  up  and  all  doors  and  windows  of  the  room  arc 
thrown  open.  The  lamp  is  allowed  to  burn  in  this  way  wilh  a  free 
circulation  of  air  for  half  an  hour*  The  electric  coraparisou  lamp  is 
then  brought  up  lo  its  correct  voltage  by  the  potentiometer,  and  all 
windows  and  doors  closed  before  taking  readings. 

The  author  has  not  as  yet  found  any  photometer  which,  for  the  same 
coloured  light,  is  equal  in  sensilivcncss  and  accuracy  to  the  Lummer- 
Brodhun  contrast  apparatus,  which  has  been  used  in  all  the  experi- 
ments described  in  this  paper.  Some  twelve  or  fourteen  readings  are 
made  during  the  first  ten  miimtes  after  the  room  has  been  closed, 
together  with  observations  on  both  ventilated  and  unventilated  hygro- 
meters  placed  at  different  points  in  the  neighbourhood  of  the  lamp. 
It  is  desirable  for  one  observer  to  remain  at  the  photometer  and  on  no 
account  to  see  the  position  of  his  own  settings^  whilst  another  adjusts 
the  flame  and  takes  down  readings. 


•  fournat/tlrGasbeleit^htitng,  vol.  4*;,  1906,  p.  559. 
t  *'S<iurccH  of  Error  in  tbc  Pi^ntaive  Lamp,"  J.  S,  Dow,  Ekcifk^Ml 
iQOff,  p.4Sn. 
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I  As  regards  the  indivMual  accuracy  of  single  photometric  observa- 
,tions  made  under  these  conditions,  much  depends  upon  the  condition  of 
sensitiveness  of  the  observer's  eye  on  any  particular  occasion.  Thrs  is 
certainly  a  variable  quantity.  The  author  has  found  on  some  occasions 
that  ten  readings  will  agree  amongst  themselves  to  within  plus  or  minus 
a  quarter  of  i  per  cent.,  whilst  on  others  the  extremes  are  occasionally  as 
iDUch  as  plus  or  minus  i  per  cent.  A  set  of  ten  observations  taken  at 
random  from  a  test  book  shows  the  following  values  for  tlie  pentane 
lump  in  terms  of  the  National  Physical  Laboratory  Standard  Electric 
Lamps*  and  illustrates  the  kind  of  individual  vanations  to  be  looked  for 
.in  such  measurements  : — 

I  9*8is,  9^815,  9*87*,  9*90,  9^90,  9^85,  9*878,  9'87«,  9-85,  9'83fl,  9-867. 

The  humidity  on  this  occasion  was  I2'4p  and  the  barometric  pressure 

762  mm. 

The  Heftier  Lamp,— A  photograph  of  the  Hefner  lamp  is  reproduced 

in  Fig.  6.  It  is  the  official  standard  of  light  in  Germ  any  j  and  detailed 
►instructions  for  iU  use  are    published    in    Ihe   Z disc h rift   filr  Itistnt- 

Wicnienkttndt    for  1893,      The   constrtiction   of  the   lamp  is    simple. 

Amyl  acetate^  passing  specified  tests  for  purity,  is  contained  in  the 
'cylindrical  reservoir  which  forms  the  base  of  the  lamp.  A  wick  dips 
I  into  this  and  passes  up  the  thin*  walled  German  silver  tube  projecting 
I  from  the  centre  of  the  base. 

I  The  wick,  however »  docs  not  rjse  above  the  top  surface  of  the  tube, 
fliiit,  keeping  about  level  with  it,  serves  to  conduct  the  liquid  to  the 
'  point  of  ignition.      The  exact  thickness,  diameter,  and  height  of  this 

tulie  are  some  of  the  most  vital  points  which  determine  the  candle 

power  of  the  lamp.     The  flame  is  a  lambent  one,  and  resembles  in 

general    appearance   that   of   an   ordinary  candle,  except   that    it    is 

circular  in  cross  sec  I  ion.  The  exact  height  at  which  it  gives  one 
,  Hefner  candle  (about  0*9  Elnglish  candle)  is  40  mm.  In  order  to 
j  adjust  the  flame  to  the  correct  height,  the  lamp  is  fitted  with  a  sighting 
I  arrange mcnt,  in  which  an  image  of  the  top  of  the  flame  is  cast  on  a 

ground  glass  disc  and  adjusted  to  a  cross  line. 

'  The  general  precautions  to  be  observed  as  regards  ventilation 
'  when  using  this  lamp  arc  the  same  as  for  the  penbme  standard,  except 
1  that  the  room  may  be  closed  somewhat  longer  while  readings  are  in 
I  progress  before  the  candle  power  of  the  lamp  shows  signs  of  diminution. 
'       Considerable  care  and  skit!  must  be  employed  in  judging  whether 

the  flame  is  at  its  correct  height,     The  author  has  observed  a  tendency 

for  the  flame  to  vary  its  sliape  from  one  which  is  high  and  pointed,  to 
I  one  which  is  somewhat  depressed  and  flattened  at  the  top,  and  an 

error  in  candle  power  may  result  from  taking  either  of  these  as  correct, 
I  and  adjusting  cither  the  pointed  or  the  flattened  flame  to  the  level  of 

the  cross  hne*  The  same  effect  has  been  remarked  by  Laporte  and 
I  Jouaust.^ 

The  Cartei  Lamp. — The  Carcel  lamp,  of  which  a  photograph   is 
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shown  in  Fig*  7,  is  the  working  standard  of  the  French  gas  industry. 

n  has  a  gLas^  chimney  and  a  wick  of  annular  cross  section,  to  which  a 
continual  supply  of  pure  coUa  oil  is  maintained  by  means  of  a  clock- 
work pump*  According  to  the  official  instructions*  the  wick  should 
^tand  10  mm.  above  the  wick  holder,  but  in  practice  this  is  found  to 
give  too  great  a  consumption  of  oil,  and  it  is  necessary  to  lower  it  to 
7  or  8  mm.  in  order  to  approximate  to  standard  conditions.  The  cliimncy 
is  made  of  thick  glajss,  and  reduced  in  diameter  7  mm.  above  the  wick. 

The  lamp  should  give  its  standard  caudle  power  when  consuming 
42  grammes  of  oil  per  hour*  As  the  exact  height  of  the  glass  chimney 
above  the  wick,  and  the  depth  to  ivhich  the  wick  is  charred,  affect  the 
rate  of  consumption,  it  is  very  difficult  to  adjust  to  the  42  grammes 
per  hour.  The  actual  consumption  is  therefore  measured,  and  pro- 
vided it  falls  within  39  and  46  grammes  per  hour  the  candle  power  is 
corrected  accordingly.  There  is  some  doubt,  however,  whether  this 
is  strictly  accurate,  Laporte  having  found  that  for  a  given  variation 
in  consumption  the  candle  power  chluge  is  proportionally  too  great,* 

Vwous  precautions  must  be  observed  when  using  the  lamp.  For 
each  experiment  the  oil  and  the  wick  must  be  new;  and  the  latter  should 
have  previously  been  stored  in  a  desiccator  in  order  to  ensure  absence 
of  moisture*  As  soon  as  a  full  stream  of  oil  is  circulating  over  the 
wickr  the  latter  should  be  charred  to  an  even  depth  of  about  2  mm.  all 
round  by  means  of  a  fiat  flame  burner.  The  lamp  may  then  be 
lighted,  turned  very  low,  and  the  chimney  fixed  so  that  the  neck 
presses  close  down  on  to  the  wicL 

Under  these  conditions  there  is  only  a  very  shallow  ring  of  flame, 
which  tends  to  equalise  the  intensity  all  round  the  wick.  After  about 
fifteen  minutes'  burning  in  this  condition  the  chimney  is  raised,  the 
wick  turned  up,  and  after  twenty  minutes*  burning  the  lamp  is  counter- 
poised on  a  balance  on  the  photometer  bench.  A  weight  of  10  grammes 
is  then  added  to  the  scale  on  which  the  lamp  is  hxed,  and  the  time 
observed  before  the  balance  again  swings  over.  The  correct  time  for  a 
consumption  of  10  grammes^  at  the  rate  of  4^  grammes  per  hour,  is 
14  mins.  17  sees. 

The  author  has  found  that,  after  taking  a  large  number  of  obser\'a- 
tions,  and  using  the  utmost  care  in  all  the  adjustments,  he  has  been 
unable  to  make  readings  from  the  lamp  agree  with  certainty  to  within 
an  accuracy  of  +  or  —  3  per  cent.    (See  Fig.  4,) 

In  any  two  directions  at  right  angles  the  light  from  the  flame  may 
vary  by  as  much  as  2  per  cent,,  and  to  ensure  even  the  3  per  cent,  limit 
of  accuracy  it  is  generally  necessary  to  take  a  mean  of  four  readings 
round  the  flame  in  directions  at  right  angles  lo  each  other  in  a 
horizontal  plane, 

SuMMjiRV  OF  Results. 

In  summarising  the  results  of  the  tests  described  here,  and  com- 
paring them  with  those  made  in  other  laboratories  on  the  Continent, 
•  Soci^td  intent  at  iofuiU  ties  EitclriLitnSt  Bulklin,  voL  15,  1S9S,  p.  166, 


Fig.  7 — C;ircel  Lamp. 
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it  is  essential  to  take  into  consideration  the  fact  that  the  Hefner  lamp 
in  Germany  has  its  standard  value  when  the  volume  of  water  vapour 
is  88  per  i.ooo  litres  of  air*  whereas  both  the  pentanc  and  Carcel 
lamps  arc  taken  as  having  their  nominal  value  when  the  humidity  is 
ID  litres  per  i  ,ooo. 

Ttic  following  values  are  obtained  for  the  Hefner  and  Carcel  lamps 
from  the  curves  given  rn  Fifjs.  1,3,  And  4.  These  values  are  in  the 
terras  of  the  lo-candlc  Harcourt  pcnlanc  lamp.  In  the  case  of  the 
Carcel  standard  the  mean  of  all  the  readings  shown  in  Fig,  4  has  been 
tiiken.  The  variations  of  the  Carcel  lamp  with  changing  humidity 
«ill  hardly  concern  these  figures,  since  alt  measurements  were  made 
in  the  neighbourhood  of  10  litres  per  1,000. 

Hefner  lamp  =s  on>i4  pentane  units, 
Carcel  lamp  ^  0^982  pentane  units. 

The  following  tables  give  the  values  for  the  same  ratios  recently 
obtained  and  published  *  by  the  Reichsanstalt  in  Berlin,  and  by  the 
Lafeoratoire  Ccntrale  d'Electficite  and  Laboratoire  d'Essais  et  Conser- 
vatoire in  Paris. I 

Expressing  the  %'alues  of  all  the  units  in  terms  of  that  given  by  the 
pentane  lamp,  we  have  i- — 


Pentane. 

HcfiieT. 

CarceL 

National  Physical  Laboratory 

1 

0^914 

0982 

Kdch&anstalt     ... 

1 

0917 

0-991 

Laboratoire  Centrale 

I 

0929 

nooo 

Laboratoire  d  Essais    ... 

I 

0-928 

0996 

Expressed  in  terms  of  the  unit  given  by  the  Hefner  lamp  they  are  as 
follow*s  : — 


Pfentant 

Hefner, 

Cireel. 

National  Physical  Laboratory 

1094 

I 

1074 

Reichsanstait 

ro9 

1 

roSo 

I^t)oratoire  Centrale    ,*. 

1-076 

I 

1*076 

Laboratoire  d' Essais    ... 

ro77 

I 

1-067 

*  Jaitftfai  far  tiatbeleuchitift^t  vol,  49,  1*106. 

t  The  v^luei    ior  the  three  ratios^  ^iven  by  the  Laboratoire  d'Efifais  t)iff«r  among 
*l»«fiiidvn  by  about  1  per  cent.     The  mean  valued  ba%'e  therefore  been  taken. 
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Expressed  in  terms  of  the  urtit  given  by  the  CarccI  lamp  :— 


1 

Pentaile. 

KdEler. 

cvtd 

National  Physical  Laboratory 

VQl% 

o'93r      1 

I 

Rcichsanstalt 

lOOlj 

0*936 

t 

Laboratoire  Ccntrale 

I'OOO 

o-t>a9 

I 

Laboratoire  d'Essais    

rcKfc4 

0937 

I 

By  takiug  the  average  of  the  ratios  found  in  the  two  Paris  labora- 
tories as  representing  the  French  values  for  the  lamps,  then  the  mean 
of  the  three  sets  of  results  found  in  Paris,  Berlin,  and  London  gives  t 
value  for  the  Hefner  lamp  of  092  English  units  as  represented  by  the 
lO-candlc  pentaue  standard  burning  in  an  atmosphere  containing  to 
litres  of  w;iter  vapour  per  cubic  metre  of  pure  ain  As  the  generally 
accepted  %alue  for  the  Hefner  lamp  is  oHS,  it  shows  a  dilTerenee  *>f 
4  per  cent,  between  the  old  and  the  ntw  values.  It  is  interesting  lo 
note  that  no  value  in  these  tables  differs  from  the  mean  by  as  mudl 
as  I  per  cent.,  and  the  majority  are  within  the  halJ  of  i  per  cent 

Comparison  and  Criticism  of  thb  Three  Laiips  Aa  Standards 

OF  LlGHT- 

The  measurements  made  at  the  National  Physical  Laboratory  on  thi' 
three  principal  flame  standards  now  in  use  have  given  opportunities  for 
comparing  them  under  working  conditions  and  judging  of  their 
respective  suitability  as  standards  of  light. 

As  regards  the  Car  eel  lamp,  it  has  not  been  found  that  its  coostancy 
from  day  to  day  is  comparable  with  that  of  either  the  Hefner  or  the 
pentane  lamp,  its  variations  from  the  mean  being  as  much  as  +  or  — 
3  per  cent.  The  reason  for  this  can  only  be  attributed  to  the  difficulty 
in  reproducing  the  same  CiUiditions  of  capillarity  in  the  wicks  ustd. 
Although  all  possible  care  was  taken  to  produce  the  most  favourable 
conditions  of  constancy,  the  results  were  not  satisfactory,  and  in  llie 
notes  which  follow,  the  pentane  and  Hefner  lamps  only  are  considcjed 
with  reference  to  their  suitability  as  light  standards. 

General  CowsfrudiaM,— The  Hefner  lamp,  which  is  only  one-eleventh 
the  candle  power  of  the  pentane  lamp,  is  much  simpler  in  general  con* 
struction,  small  and  more  easily  set  up,  and  should  be  simpler  to 
manufacture  and  adjust  to  standard  dimensions. 

Ease  of  Rcguiation  and  Working,— It  has  been  found  in  using  the 
lamp  that  the  flame  of  the  lo-candle  pentane  standard  is  a  great 
deal  easier  to  adjust,  and  remains  more  conii^tant  while  obser%^atiofis 
are  being  made,  than  that  of  the  amyl  acetate  lamp. 

Thu  fact  that  the  Hefner  unit  has  a  lambent  ttame,  burning  in 
free  air,  whereas  the  pentane  standard  ia  well  shielded  and,  owing 
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to  its  chimney,  has  a  more  stable  flame,  makes  the  latter  practically 
independent  of  draughts  which  would  render  measurements  wnth  the 
Hefner  lamp  quite  impossible.  Although  the  flame  of  the  Hefner 
lamp  may  be  shielded,  slight  movements  of  the  air  cannot  be  avoided  ; 
tbese  disturb  the  flame  so  that  it  only  remains  at  its  correct  height  for 
a  few  seconds  together,  rendering  adjustment  diflicuU  and  the  taking 
of  candie- power  readings  rather  a  tiring  process. 

On  the  other  hand,  it  is  not  safe  to  assume  that,  owing  to  the 
fact  that  the  top  of  the  flame  of  Uie  pentane  lamp  is  cut  offj  the 
latter  may  be  allowed  to  vary  appreciably  in  height.  Variations  of 
3  mm.  up  or  down  do  not  materially  a0ect  the  candle  pow*er»  but 
for  accurate  work  a  second  observer  is  required  to  see  that  the  top 
of  the  flame  is  flat,  and  to  regulate  it  to  the  correct  height* 

Effect  of  Atmospheric  Changes. — As  regards  changing  humidity^  the 
two  standards  are  affected  to  nearly  the  same  extent,  tiie  Hefner  lamp 
being  slightly  less  influenced  than  the  pentane  lamp.  The  latter 
standard,  however,  is  very  much  more  sensitive  to  barometric  variations 
than  the  Hefner  unit,  an  inch  change  in  pressure  being  equivalent 
to  2  per  cent,  in  candie  power. 

The  Nature  of  the  Li^ht.—'V\\c  pentane  lamp  has  a  ivhiter  light  than 
the  Hefner  unit,  being  much  more  nearly  the  same  tint  as  the  Carcel 
standard. 

The  fact  that  its  candle  power  is  eleven  times  that  of  the  amy! 
acetate  lamp  makes  it  of  the  same  order  of  magnitude  as  the  ordinary 
lights  which  are  tested  against  it. 

These  two  factors^  coupled  with  the  greater  ease  of  adjustment 
when  making  observations  with  the  pentane  lamp,  greatly  outweight 
to  the  author's  opinion^  the  disadvantage  of  the  more  complicated 
construction  and  the  larger  correction  that  has  to  be  apphed  for 
changes  in  barometric  pressure. 

Secondary  STAMDARm  of  Light.* 

Under  this  section  Ihe  autlior  proposes  to  give  the  results  of 
itsH  made  at  the  National  Fhysical  Laboratory  on  a  number  of 
higb-voltagc  standard  electric  lamps. 

The  tests  were  made  m  order  to  ascertain  what  order  of  constancy 
may  be  expected  from  the  best  high-voltage  glow  lamps,  with  a  view 
to  using  them  as  photometric  standards. 

Dr.  Fleming's  work  on  large  bulb  low-voltage  incandescent  lamps 
for  use  as  standards  is  now  well  known,  and  the  author,  from  several 
years'  experience  with  large  bulb  Fleming  KdiJ^wan  lamps  as  labora- 
tory standards,  can  testify  to  their  reliability  when  ordinary  precautions 
are  taken  in  using  them.  Dr,  Fleming  f  has  published  descriptions 
of  these  lamps,  but  as  yet  no  curves  have  been   published   showing 

•  S«€  nfitc*  on  the  use  of  Glow  Uxmp  Staudard^,  J.  a  Dow,  EUctfician:  voL  57, 

f  jyiurnallniUtuhQn  q/  Eiecificui  Enginan,  vol.  33,  TQ03,  p  iig.  Rtfan  of  British 
A*SiiCiaiim,  1904—"  LArg«  Bulb  Inejuvleaetnt  ELcctrie  Ljimpa  si*  Scc<»ndary  i^tand«rd« 
flf  Ughf 
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their  performance  when  nm  for  a  considerable  Jength  of  lime. ' 
Curves,  therefore,  showing  the  behaviour  of  these  lamps  during  the 
tirst  part  of  their  Yiit  will  be  of  iiiterc^it,  as  they  illustrate  the  peculiar 
properties  of  the  lamps  and  the  difference  between  low-  and  high- 
voltage  glow  lamps  from  the  point  of  view  of  their  stiitahility  as 
standards. 

Ten  of  these  lamps  were  obtained  two  years  ago  from  the  Ediswan 
Compauy,  for  use  as  laboratory  standards.  They  were  mounted  on  fixed 
sockets  with  soldered  leads  as  shown  in  Fig,  8.  They  were  run  for 
periods  %:irying  frojn  400  to  600  hours  on  a  circuit  the  pressure  af 
which  was  carefully  regulated.  Candle  power  readings  w^ere  taken  at 
frequent  intervals  during  the  run.  The  curves  of  six  typical  lamps  are 
shown  in  Fig.  g.  The  efficiency  of  these  lamps  was  initially  about 
45  watts  per  candle  -  and  4  "3  after  500  hours.  When  compared  with 
the  life  curves  of  ordinary  lamps  (Figs,  15  and  t8)  it  wiU  be  noticed  over 
what  a  long  period  the  initial  rise  in  candle  powder  lasts.  The  be&l 
curve  is  that  of  lamp  15^  which  remained  constant  for  200  hours* 
Lamps  8  and  10  have  just  attained  the  end  of  their  candle  power  rise, 
while  in  the  case  of  lamp  11  there  is  no  sign  after  600  hours  of 
any  diminution  in  the  rapid  rate  at  which  the  candle  power  is  rising' 

The  first  poin^  which  is  evident  from  an  inspection  of  these  curves 
is,  that  the  performance  of  filaments  specially  prepared  for  constancy 
cannot  be  predicted  wnth  certainty.  If  a  lamp  is  to  be  used  as  a  phot*>" 
metric  standard  of  the  first  grade j  its  history  for  roo  to  200  hours  should 
be  known,  and  its  life  curve  should  be  closely  watched  in  order  to 
ascertain  the  point  at  which  it  is  beginning  to  flatten  out. 

If  the  only  photometric  standards  required  were  of  the  low-voltage 
type,  the  problem  might  be  considered  as  solved*  A  properly  aged 
specially  prepared  low. voltage  filament  if  burnt  for,  say,  ten  minutc$  ^ 
day  for  hvG  days  in  the  week  should  last  two  or  three  years  without 
changing  the  half  of  1  per  cent,  in  candle  power,  provided  that  no 
exce!5S  voltage  is  applied. 

Where,  however,  the  only  source  of  supply  is  a  high -voltage  variable 
circuity  it  is  essential  that  the  standard  and  the  test  lamp  shall  be  run  in 
parallel,  so  that  the  effect  of  voltage  variations  may  be  reduced  to  a 
minimum.  This  entails  either  the  use  of  a  low*voltage  lamp  with  a  €xed 
resistance  in  series,  or  a  high -voltage  lamp  of  reasonable  constancy. 
The  method  of  putting  a  resistance  in  series  with  a  low-voltage  lamp 
and  running  on  a  high -voltage  circuit  is  not  so  satisfactory  as  it  might 
appear  at  first  sight  The  resistance  must  dissipate  some  60  watts 
and  must  keep  constant  to  0*1  per  cent,  if  the  candle  power  is  to  be 
correct  to  05  per  cent.  If,  further,  the  voltage  variations  on  the  circull 
are  great,  it  is  essential  that  the  temperature  coefficient  of  the  resist 
ance  shall  be  the  same  as  that  of  the  lamp, 

In  the  tests  under  consideration  bix  lamp  makers  kindly  undertool 
to  co-operate  with  the  Laboratory  in  the  investigations,  by  supplying  high 


•  Tn  iivoid  conlusion  the  authnt  hai,  iti  at-tordanct  witti  the  iimAl  i^riiJiniMsririj 
practic«»  given  ttic  efticicntiea  in  '*  watts  per  candle  "  io&tead  of  "  cantlles  per  ^^y 
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voltage  i6-candIe-power  laraps^  with  filaments  which  they  considered 
would  be  most  suitable  for  standard  purposes*  The  ftlatnents  were  in 
ODC  plane  and  the  bulbs  of  ample  dimensions*  The  lamps  numbered 
in  all  thirty-scvcQ,  and  were  run  on  a  pressure* regulated  circuit  with 
frequent  observations  of  candle  power  and  current. 

Sample  curves  from  each  batch  are  shown  in  Figs*  lo,  ii,  and  12. 
In  examining  these  curves^  however,  it  should  be  borne  in  mind  that  as 
the  eflficiency  of  the  various  sets  was  different^  the  curves  can  only  l>e 
considered  as  roughly  comparable. 

The  average  rate  of  fall  in  candle  power  for  each  make  of  lamp  is 
given  in  Table  II.,  as  well  as  its  average  efficiency.  The  figures  in 
column  4  arc  taken  from  the  portion  of  the  curve  at  which  the  rate  of 
(all  is  most  even. 

Table  IL 


1         COLtTMK  t. 

Ump. 

COLDIUN  2. 

Kumber 
Tutcd, 

'               COLUUN  S. 
Avenge  Initio] 
WaiU  per 

Pcn:enlage  Fall  in 
Caiittk  PQU-er 
per  too  HuuTi. 

A 

B 
C 
D 
E 
F 

5 

4 

3 
8 

II 
6 

3'4 
4"2 
41 
40 
45 
37 

4-6 

17 

37 
2-9 
3-S 

Make  A  has  an  initial  efBciency  which  is  unnecessarily  high  for 
standard  work,  but  except  for  lamp  No.  6  the  hfe  curves  do  not  differ 
from  those  of  ordinary  filaments  of  high  grade  quality- 

Mak€  B  shows  an  interesting  set  of  freak  curves.  The  candle  power 
of  lamp  No,  7»  with  an  efficiency  of  4  w^atts  per  candle,  has  remained 

astant  for  over  300  hours  to  within  the  half  of  i  per  cent. 

Other  lamps  of  this  lype  show  tlie  same  characteristics  as  Nos.  g  and 
10,  which,  after  falling  and  again  rising  in  candle  power,  finally  reach  an 
approximately  constant  value  after  500  hours. 

Lamp  Ko.  7  shows,  of  courscj  the  best  performance,  and  is  the  type 
to  be  aimed  at — but  it  is,  unfortunately,  the  only  one  of  its  kind  out  of 
some  five  or  six  which  have  been  tested. 

Make  C  has  some  interesting  features.  Only  three  lamps  were 
tc&tcd  of  this  kind,  but  of  these  Nos.  12  and  13  show  a  high  degree  of 
^nstajicy  over  a  portion  of  their  life— especially  as  they  have  the 

Vol.  m.  19 
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comparatively  high  efficiency  for  200-volt  standards    of    4   i?^« 
candle. 

Makes  D  and  F  show  no  special  features  of  interest,  as  they  . 
even  fall  in  candle  power  throughout  the  whole  of  their  life.  , 

Make  E,    The  foregoing  remarks  apply  to  Make  E  also,  eacc 
lamp  No.  34,  burning  at  4!  watts  per  candle,  which  shows  but 
gradual  fall  in  candle  power. 

As  a  result  of  these  investigations  there  is  no  doubt  that  high-v 
lamps  are  to  be  obtained  which  remain  constant  for  a  consi 
time.    They  cannot,  however,  as  yet  be  produced  with  certain! 
tr3ring  a  number  of  special  lamps,  some  may  be  found  which 
every  way  as  good  as  low-voltage  standards — but  at  present 
alternative  to  this  is  to  select  a  lamp  with  as  small  and  as  regular  J 
as  possible,  and  rely  on  restandardisation  after  about  twentyl 
running.    It  should  not  be  necessary  to  run  a  standard  under  o^ 
conditions  for  longer  than  forty-five  minutes  per  week  in  all. 
case  restandardisation  would  only  be  required  every  six  months.] 

Commercial  Glow  Lamp  Testing. 

It  should  be  unnecessary,  after  all  that  has  been  said  recei 
emphasise  the  need  for  a  closer  supervision  of  the  glow  lamps 
are  supplied  in  the  ordinary  course  of  business  to  purchasers 

country.     The  matter  has  been  enlarged  on  by  Mr.  G.  Wilki   

Mr.  L.  Gaster,+  Mr.  J.  W.  Howell,J  and  more  recently  by  Sir  V 
Preece.§    These  writers  have  given  data  showing  how  in  this  o   — 
unevenly  rated  and  low-efficiency  lamps  are  supplied   by  m  "^ 
They  miss  the  incentive  to  improve  the  quality  and  uniform  j — 
their  goods  which  arises  from  satisfactory  inspection,  and  a  tecl 
knowledge  of  the  subject  on  the  part  of  the  buyer.  ^ 

Lamps  which  are  otherwise  good  are  classed  for  use  on  vol 
for  which  they  are  unsuited,  and  either  give  out  early  or  have  21  4 
and  inefficient  life.    On  the  other  hand,  many  lamps  are  sold  ym 
although  of  average  efficiency,  drop  within  a  comparatively  shortj 
to  80  per  cent,  of  their  original  candle  power.    It  is  common  k» — 
ledge  that  some  of  these  lamps,  though  labelled  with  British  namet 
of  foreign  manufacture.  The  fact  that  some  of  the  largest  lamp  m4  1 — 
are  so  strongly  in  favour  of  inspection,  and  that  they  assisted  | 
Engineering    Standards    Committee    in  drafting   the  specificat  p* 
speaks  eloquently  in  favour  of  the  desirability  of  supervising  1 
lamp  supplies. 

It  is  noteworthy  that  although  the  greatest  effort  is  often  mac 
obtain  the  last  \  per  cent,  efficiency  in  the  machinery  generating 
lighting  current,  often  under  severe  penalties  to  the  maker,  an    J 
efficiency  of  20  per  cent,  or  more  in  the  glow  lamp,  the  last  lin  -^ 

•  Journal  Inst.  Electrical  Engineers,  vol.  37,  1906,  p.  52. 
Journal  Society  0/ Arts,  vol.  54,  1906,  p.  332. 
Proc.  Amer.  Inst.  Electrical  Engineers,  vol.  24,  1905,  p.  617. 
Report  of  Brit.  Assoc.,  1906.  ||  See  Preface  to  Glow  Lamp  Specification^ 
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tran information,  is  allowed  to  pass  altogether  unlieedcd  and  unchecked. 
It  is  surdy  in  the  beiit  interests  of  the  supply  companies  tliat  the 
consumer  should  get  the  best  value  for  his  money. 

In  the  specification  of  the  Sub-Committee  on  Physical  Standards  of 
the  Engineering  Standards  Committee,  published  this  winter,  rules  are 
laid  down  for  the  inspection  and  testing  of  samples  from  consignments 
of  glow  lamps  with  the  object  of  determining  whether  the  dehvery 
from  which  they  were  taken  comes  up  to  specification. 

The  tests  specified  may  be  divided  into  two  classes  : — 

1.  Tests  to  determine  the  initial  rating  of  the  lamps  and  their 
uniformity  in  candle  power  and  watts, 

2.  Tests  to  determine  the  maintenance  of  the  candle  power  of  lampi 
during  life. 

Initial  Ratikg. 

,  Under  the  first  test^  limits  are  defined  Within  which  the  candle 
I  power,  wattsj  and  efficiency  should  fall,  a  percentage  of  the  lamps 
'being  selected  from  a  consignment  for  this  inspection. 

It  is  the  present  custom  of  many  supply  companies  who  provide 
rlhetr  consumers  with  lamps  to  measure  the  candle  power  and  watts 
■flu  the  glow  lamps  they  purchase.  The  practice  is  admittedly  very 
pUlddoiis^  and  it  is  the  author's  opinion  that  in  carrying  out  these  tests 
filhe  buyer  is  relieving  the  manufacturer  of  work  which  should  be 
"thoroughly  done  before  the  lamps  leave  the  factory.  If  they  have  been 
carefully  and  properly  tested  iVrst,  it  should  only  be  necessar^'^  to  check 
'over  a  limited  number  of  lamps  from  a  consignment,  and,  if  they  are 
not  satisfactory,  to  return  them  to  the  works  for  re^inspcction^  in  order 
that  wrongly  rated  lamps  may  be  weeded  out. 

The  Engineering  Standards  Committee  has  kindly  given  the  author 
l^ermission  to  publish  the  results  of  some  tests  which  have  been  carried 
-tout  for  theoi  at  the  National  Physical  Laboratory  on  120  high -voltage 
jglow  lamps.  These  were  made  by  ten  British  makers  and  were  bought 
iover  the  counter  in  the  ordinary  way.  The  Sub-Committee  on  Physical 
Standards,  which  has  drawn  up  the  specification  for  glow  lamps, 
wished  to  know  the  grade  of  the  filament,  and  the  kind  of  nniformity, 
|to  be  expected  at  the  present  time  in  lamps  supplied  to  chance  pur- 
ichasers.  The  type  of  lamp  chosen  was  for  16  c* p.  at  200  volts.  The 
feoips  were  tested  for  mean  hQri;£ontal  candle  power  and  watts  at 
•he  marked  voltage,  and  the  results  plotted  in  the  usual  way  on  target 
•diagrams.     These  are  shown  in  Fig*  13,  and  plainly  illustrate  the  fact 

that  there  b  room  for  great  advance  by  the  makers  in  the  uniform 
ating  of  their  lamps.  In  Fig,  14  are  shown  sets  said  to  be  typical  of 
Eftmcrican  lamps.  That  on  the  left-hand  side  shows  a  set  of  American 
pfedison  200-volt  lamps  bought  on  the  open  market,  and  tested  by  Mr. 
^,  C,  Bailey.  That  on  the  right- hand  side  shows  a  set  of  1 10-volt  lamps 
[lestad  by  ttie  New  York  Electrical  Testing  Lahoratories*  who  give  this 

Gbgram  as  a  fair   ^mple  of  good  American   practice.      The   limits 
lown  on  these  diagrams  are  those  within  which  lamps  must  fall  in 
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Fig*  14*— Target  Diagram  of  American  Lamp^*    From  Proccidings^ 
American  Institttk  EkcUiml  Engimtn^  vol  24^  1905,  p*  C103- 
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order  to  meet  the  requirements  of  tlie  American  markets,  whilst  those 
shown  by  the  six*sided  figure  in  the  centre  of  each  diagram  for  the 
English  lamps  are  the  individual  hmits  which  would  bq  allowed  by  the 
Standards  Committee's  specification  for  3"8  watt  lamps.  The  large 
circle  in  the  centre  of  each  diagram  represents  the  mean  of  all  the 
lamps. 

A  cursory  inspection  and  comparison  of  the  diagrams  in  Figs,  13 
and  14  bring  out  many  points  of  interest  regarding  the  uniform  rating 
of  lamps.  In  batch  7  the  candle  power^  nominally  16,  varies,  not 
iioevenly,  over  a  range  from  1 1  to  18,  the  corresponding  efficiencies 
being  from  5'2  to  3*4  watts  per  candle,  and  the  *'  useful  life  "  ^'  at  the 
marked  voltage  varying,  probably,  from  2,500  hours  in  tiie  case  of  the 
inefficient  lamp,  to  230  in  the  case  of  the  efficient  one.  In  group  2,  on 
the  contrary,  although  the  candle  power  is  uniformly  low,  the  limits 
are  within  13  and  15  candles,  and  the  useful  life  at  the  marked  voltage 
would  he,  approximately,  between  the  narrow  Hmits  of  340  and 
650  hours^ 

The  extreme  values  of  candle  power^  watts  per  candle,  and  life  for 
each  batch  are  given  in  Table  1 1 L  It  must  be  admitted  that  these 
wide  variations  leave  much  to  be  desired. 


Table  IlL 


M;ike  of  Lanip 
(w*  FljE^  i3>. 


Batch. 

2 
3 

4 

I 

7 

9 
10 


Wi-an  Horiiontai 

Candle  Power 
(Ettrcfne  Value*). 


CQtUiiN  J. 
WAtlH  per 


i6'i  to  21-5 
13-1  to  1 4' 8 
15  2  to  17'B 

14*1  to  17-0 

12^9  to  20'4 

izM  to  t8'4 
no  to  18*2 

in  to  19*4 
13-0  to  1 6' I 
13-1  to  i8'6 


I 


-,04  to  375 
383  to  4-19 
3*56  to  390 
372  to  4"26 
3' 15  105-02 
3-29to4-65 
3-44  to  5-21 
312  to  376 

3\33  to  4"aS 
3^24  to  4^2« 


COLUUK  4, 

Pri>bab1e  LIfc.f 


KourL 

43  to  130 
340  to  650 
330  to  600 

470  101^040 

70  to  1,170 
136  to  1,120 
230  to  2,500 
I  So  to  540 
190  to  790 
160  to    tJao 


II  ts  rightly  urged  in  extenuation  of  this  condition  of  things,  that 
the  very  unequal  grading  of  supply  voltages  in  this  country  renders  it 
impossible  for  makers  to  supply  lamps  at  a  reasonable  price  which  shall 

*  By  **  uscfy]  life  "  is  meant,  hcrt,  the  time  run  before  the  cnndlc  power  h^  ia\ltn 
tn  Sio  per  cent,  of  its.  milial  value.  In  view  of  the  fact  that  lamp  tt^ted  fur  JUe  umler 
the  Standards  Comttiittve'H,  Sptcification  are  those  which  arc,  initiaUVt  very  mpar  the 
•tandard  eanUlt  power,  *'p^etuJ  life"  in  thb  specification  is  detined  as  the  time  run 
li«fore  the  candle  power  has  fallen  to  Bo  per  cent,  of  its  SUatiiard  value* 

t  The  v^ues  given  in  column  4  arc  deduced  from  the  curve  aliowti  in  Fig*  17* 
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fall  within  the  same  narrow  limits  that  are  imposed  under  thci 
system.    It  is  not  possible  in  lamp  manufacture  to  predict,  eve 
fairly  wide  limits,  what  will  be  the  voltage  at  which  a  lamp 
certain  candle  power  and  consume  a  specified  number  of 
candle.    There  must,  therefore,  of  necessity  be  a  considerable  j 
of  lamps  which  would  be  more  suitable  for,  say,  215,  and  ot 
225  volts,  which  are,  nevertheless,  rated  for  220  volts,  becaus 
small  demand  for  lamps  for  the  odd  pressures,  and  the  nati 
to  keep  down  the  number  of  outfalls  to  a  minimum.     Ba 
taking  this  into  consideration,  the  fact  that  some  English  mab 
able  to  turn  out  a  much  more  uniform  product  than  others, ! 
improvement  would  be  possible  if  the  large  buyers  of  lamps  insu 
having  them  supplied  to  specification,  and  took  proper  steps  | 
that  they  did  not  fall  short  of  the  guarantees. 

The  author  does  not  propose  to  enlarge  here  on  the  question -i 
grading  of  supply  voltages,  a  subject  which  has  been  raised  la 
Mr.  G.  Wilkinson  *  and  Sir  William  Preece,t  and  discussed  at  le 
the  technical  papers.     He  merely  points  out  what  the  grading  i 
ages  and  the  enforcement  of  a  rigid  glow  lamp  specification  ha 
for  the  American  consumer,  and  some  of  the  consequences  whic 
follow  from  adopting  a  similar  practice  in  this  country.    The  i 
voltages  in  this  country  are  so  unevenly  balanced,  as  shown 
William  Preece's  diagram,  has  made  necessary  the  setting  of 
wider  limits  than  in  America,  and  the  lack  both  of  a  comprehe 
specification  and  of  the  means  of  enforcing  it  has  produced  the 
of  affairs  shown  by  the  diagrams  in  Fig.  13.    If  the  American  + : 
limit  be  applied  to  the  average  of  each  batch  of  these  English  1 
shown  in  Fig.  13,  about  45  per  cent,  of  them  would  be  rejected  ; 
if  they  are  applied  on  the  assumption  that  the  average  candle 
is  to  be  16,  there  would  only  be  35  per  cent,  of  the  lamps  which  ' 
pass  the  test.    Even  the  wider  limits  specified  by  the  Engine 
Standards  Committee  would,  under  these  circumstances,  exclude  - 
cent,  of  all  the  lamps. 

Life  Test.J 

The  question  of  a  satisfactory  life  test  for  glow  lamps  is  natur 
one  of  much  greater  difficulty  than  that  for  initial  rating ;  yet 
maintenance  of  candle  power  on  life — or,  in  other  words,  the 
of  useful  candle  hours  obtained  from  a  lamp — is  the  chief  point  ab 
which  information  is  required  when  buying  lamps. 

The  diagrams  shown  in  Figs.  15  and  16  illustrate  the  state  of  thiij 
at  the  present  day  in  this  country  as  regards  the  performance  of  gH 
lamps  on  life  test.  Six  out  of  each  make  of  lamp  shown  in  Fig.  j 
which  came  nearest  the  mean,  were  selected  for  life  test,  and 

•  journal  Institution  of  Electrical  Engineers,  vol.  37,  1906,  p.  52. 

+  Report  of  British  Association,  1906. 

\  For  tests  showing  the  typical  performance  of  loo-volt  lamps  ten  years 
see  Proceedings  of  the  Physical  Society,  vol.  13,  p.  439,  "  Tests  of  Glow  Lamps," 
Professor  Ayrton  and  Mr.  E.  A.  Medley. 
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under  idcnlical  conditions*  The  lamps  were  ^ct  up  on  the  racks,  and 
the  voltage  on  each  wa^  so  adjusted  Ihat  the  watts  per  candle  at  the 
comfnencement  of  its  life  were  exactly  3'8.  The  test  was  considered  at 
an  end  when  the  candle  power  of  the  Umps  had  fallen  to  80  per  cent 
of  the  initial  value. 

Fig.  15  shows  the  performance  on  life  test  of  individual  lamps,  and 
Fig.  16  the  average  of  each  set,  candle  power  in  these  diagrams 
being  plotted  as  ordinates  and  hours  run  on  life  test  as  ahscissie. 
The  useful  life  obtained  from  the  different  groups  will  be  seen  to  vary 
between  the  limits  of  150  and  550  hours.  In  view  of  the  great  difference 
in  quality  which  these  results  show  to  exint  between  different  makes 
of  filament,  the  desirability  of  some  form  of  hfc  test  becomes  apparent, 
in  order  to  prove  the  reality  of  lamp  guarantees. 

In  Table  IV,,  column  2  gives  the  actual  average  useful  life  found  for 
each  batch — that  is  to  say,  the  time  the  lamps  will  run  before  falling  to 
80  per  cent,  of  tlieir  initial  value.  The  resul  ts  given  in  colum  n  2,  however, 
are  not  strictly  comparable,  since^  as  the  iilaments  %'aried  slightly  in 
shape,  the  ratio  of  mean  horizontal  to  mean  spherical  candle  power  was 
not  exactly  the  same  for  all  the  types.  As,  therefore,  the  voltage  on  life 
test  was  adjusted  so  that  the  watts  per  mtan  kotizontal  candle  powder 
were  3*8,  the  lamps  which  emitted  relatively  more  light  in  a  horizontal 
direction  than  in  a  vertical  one  would  really  he  running  at  a  lower 
temperature  than  those  which  gave  more  light  in  a  vertical  direction. 

The  values  of  vf  vj->t^  for  each  type  of  filament  are  therefore  given  in 

Table  IV,,  column  3,  from  which  it  will  be  seen  that  the  average  ratio 
was  al>out  0865.  A  correction  has  been  applied  in  each  case  to  the 
values  in  column  2,  and  in  column  4  the  average  life  is  tabulated  of 
each  batch  of  lamps,  on  the  assumption  that  its  ratio  of  spherical  to 
horizontal  candle  power  is  0-865. 

Table  IV. 


OOLUMK  I. 

COLI'MS'  2, 

COLLtMHJ  J. 

COLt'MS  4. 

Aclual  Uft 

Probable  Life  C<irrected 
to  Ratio  0  865^ 

BatdL 

Uoun. 

I 

140 

0-88 

153 

2 
3 

4^7 

0884 
0'846 

^1 
436 

4 

535 

0-862 

S^S 

5 

225 

0  876             1 

241 

6 

3'5 

084 

a62 

7 

4^5 
570 

o'«78 
0-88 

^      1 

9 

4'S 

0*868 

42a 

10 

4^5 

o'86 

403 

r 
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Lamps  tested  for  life  in  this  country  are  usually  run  at  their  rated 
i?oltage  until  they  either  break  down  or  their  candle  power  has  dropped 
to  So  per  cent  of  its  initial  value.     This  method,  however,  is  open  to 
serious  objections.     A  lamp  can  only  be  i^uaranteed  to  have  a  life  of 
*ivcn  Icngtl:  when  the  filament  is  run  at  some  definite  temperature  (see 
F'ig.  17).    This  can  be  adjusted  to  a  near  degree  of  accuracy  in  cartx>ii 
ilament  lamps  by  rumiinj^  them  at  some  known  watts  per  candle.    If, 
"or  instance,  there  are  a  number  of  lamps  in  a  batch  which  varv  m 
efficiency  from  2*6  to  3*6  watts  per  candle,  the  useful  life  of  the  latter 
may  be  expected  to  be  atiout  seven  times  longer  than  the  former.    If 
their  life  has  been  specified  to  be  a  certain  length  at  3' 10  watts  per 
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1^    3 
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m0%  iofii,  3m%  4001  yt^  ioB^  jwfit  b«^  9«fr„  ipoar,  UDrft  i^t  ijoilt  WotG,  ijrtaiinagtta  woift  tart^a 
F^rfjcnCAfc  ef   fife  alyi  Watts  pef  Cawilc, 

i.  17.— Curve  showing  the  Percentajje  Variatton  in  the  *'  Usefu!  Life  "  of  T^mp 
when  run  at  different  watts  per  cat>dle, 

candle,  then  it  will  only  be  necessary  to  test,  say,  five  lamps  at  this 
efficiency,  and   take  the  average  of  the  five.      If,  however,  the  run 
should  be  made  at  the  marked  voltage  instead  of  at  the  specified  watts 
per  candle,  it  would  be  necessary  to  test  five  or  six  times  the  numtier 
of  lamps  in  order  that  there  might  be  a  reasonable  probability  that  the 
life  deduced  from  the  mean  should  be  within  5  per  cent,  of  the  true 
value.     This  is  to  be  expected  if  it  is   borne  in    mind    what   lar|te 
variations  in  the  life  are  possible  when  the  watts  per  candle  approach 
the  extreme  values  * 

'  Mr.  F.  J.  Sclby,  M.A..  investigating  tlie  errors  to  which  this  method  is  linblt, 
finds  that,  taking  a  certain  Ij'pc  of  lamp  for  which  the  h mils  specified  of  waits  pktr 
ratidle  powiT  arc  2if  and  3  (»,  and  the  Si fe  respectively  r40  and  960  hours.— the  possible 
variation  from  the  mean  liie  is  ±  4(0  hoiir^     Assuming  a  fiiraighl4lne  !aw,  and  sup- 
posing further^  as  i%  justified  by  obaenp^ations,  that  it  is  twice  as  likely  that  a  lamp 
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It  has  to  be  noted  that  the  law  connecting  watts  per  candle  and  life 
is  not  a  straight-line  law.  Even,  therefore,  if  a  large  number  of  lamps 
were  tested  for  life  at  their  marked  voltage,  the  average  life  fonnd  in 
this  way  is  not  the  life  of  the  lamp  whose  watts  per  candle  is  the 
mean  of  the  lot^  but  would  be  some  lo  or  12  per  cent*  longer  (Fig*  17)* 

If  there  are  enough  lamps  lo  choose  from,  it  may  be  possible  to  find 
some  which  have  their  standard  efficiency  at  the  marked  voltage,  but 
it  must  be  remcmbLTcd  that  great  accuracy  is  required  in  the  watts 
per  candle,  as  t  per  cent,  above  or  below  the  mean  wnll  cause  a  5  per 
cent,  error  in  the  life.  The  specification  reckons  drop  in  candle  power 
from  the  standard,  and  not  the  actual  initial  candle  powder  of  a  lamp. 
It  is  not  often,  ttxeref ore,  that  as  many  as  Jive  lamp?  can  be  found  which 
are  16  candJe  power,  and  sufficiently  near  the  standard  watts  per  candle 
to  insure  the  necessary  accoracy  in  determining  the  length  of  life. 

An  inspection  of  the  curves  in  Fig,  15  shows  that  when  run  at  a 
definite  initial  efficiency,  the  candle  power  of  individual  lamps  of  a 
given  make  will  keep  very  close  together  throughout  their  Ufe^thc 
average  results  obtained  from  five  or  six  lamps  presenting  trustworthy 
data  from  which  the  whole  consignment  may  be  judged. 

It  should  be  observed  when  examining  Fig*  15  that  any  divergence 
which  occurs  between  curves  of  the  same  set  is  largely  due  to  differ- 
ences in  the  initial  candle  power.  Had  this  been  approximately  the 
same  for  all  lamps  in  a  set,  mo.-it  of  the  groups  would  have  presented 
the  same  compact  appearance  as  No.  2, 

To  illustrate  this  point  Table  \\  has  been  drawn  up.  It  is  assumed 
in  this  that  all  the  lamps  commenced  their  life  at  16  candle  power. 
Had  all  the  lamps  in  a  batch  been  the  same  as  regards  durability,  they 
would  then  have  followed  the  same  life  curve.  If  such  were  tt>e  case 
it  would  only  be  necessary  to  test  one  lamp  for  life  out  of  the  consign* 
ment.  There  are,  however,  slight  differences  between  lamps  of  the 
iame  make  which  render  it  necessary  to  test  more  than  one  lamp*  In 
the  case  in  point  six  lamps  of  each  type  were  tested.  The  area  of  each 
of  these  hypothetical  curves  starting  at  16  candles,  exactly,  has  been 
integrated  up  to  400  hours,  the  maximum  plus  and  minus  deviation 
of  the  area  of  these  curves  from  the  mean  in  the  case  of  each  group 
being  given  in  column  z.'-'  In  column  3  the  probable  error  in  life  is 
given  if  five  lamps  out  of  six  be  taken.  Five  lamps  only  arc  considered 
mstead  of  six,  as  that  is  the  minimum  number  which  can  be  tested  from 
a  consignment  under  the  new  specification. 

The  table  shows  that  five  lamps  being  taken  from  each  consign- 
ment, and  being  run  on  life  test  at  definite  initial  watts  per  candle,  in 
six  cases  out  of  nine  the  probable  error  is  under  r  per  cent, ^  whilst  the 


ihooM  fall  within  tlie  limits  ±  205  (half  the  pofiaible  varbtion)  as  that  U  should  fall 
nvithriut  tbcfte  Urnlt:!.  tlieti  tht^  mettn  error  due  to  taking  the  fivera^e  of  tht  Livt^  of 
twenty-five  Ump^  aei  the  m«^n  lifL*  is  55  per  cent.  In  the  majorit}'  of  cases  tlit  error 
will  cjf  cour?p£  be  less  than  this,  but  in  a  certajn  numb<;r  of  cases  it  will  be  greatly 
excc£-dcd. 

*  The  Ireak  Laoip  id  Group  5  baa  been  igaored  for  the  purposes  of  thb  t^ble. 
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maximum  probable  error  is  1*3  per  cent,  ;  so  that  in  practically  all  the 
tests  made  in  this  way  results  may  be  relied  upoti  to  within  2  per  cent. 

Table  V, 


COLtTMN  I. 

CotutUK  2. 

Cot-USlX  1. 

+  an4  -  li^dlvfduat  Mju^U 

Prob^iblc  Errar 

Makt  of 

mum  l>cvl»fi<iti»  fn>ti> 

rn  Cafidrc  Hour*     | 

Lamix 

ttic  Mean  C.-iodle  Hour?  to 

for  Mean  of 

4C3oHoi(r  Point. 

Five  Latitps. 

t 

2 

Per  Cc«t. 

Percent 

+  yi  and  —  27 

07 

3 

+  3-2  and  —  6'B 

I '2 

4 

+  3'9and  — 51 
+  6m  and  —  63 

I'O 

5 

U 

6 

+  2'9  p        -  3'9 

I 

+  2*7  Atid  —  4"5 

o'8 

-j-  3'2  and  —  l'9 

0*6 

9 

+  37  and  —  a7 

o'B 

10 

-f  2-2  and  —  13 

0*5 

The  cost  of  power  in  such  cases,  worked  out  on  the  basi^  of  five 
lamps  tested  for  life  out  of  a  consignment  of,  say,  one  thousand,  comes 
to  o'36d.  per  lamp.  This  is  reckoning  that  the  power  will  cost  3d.  per 
unit,  voltage  bein;^  specially  regulated. 

The  test  usually  has  to  be  made  by  arranging  a  short  length  of 
resistance  wire  in  series  with  each  lamp.  Run  under  these  conditions 
the  pressure  across  the  lamp  terminals  will  not  b^  more  tlian  i  or 
2  volts  above  or  below  the  normal  It  is  obvious,  of  course,  that  a 
lamp  which  shows  better  results  than  another  under  these  conditions 
will  also  prove  better  when  run  on  an  ordinary  lighting  system,  with 
perhaps  a  slightly  different  and  variable  voltage*  The  additional 
advantage^  among  others,  is  gained  that  all  tests  on  glow  lamps  have  a 
common  basis  for  comparison  as  regards  upkeep  of  candle  power 
during  life.  It  is  not  a  scHoiis  matter  to  group  lamps  on  the  life  test 
racks  so  that  only  a  foot  or  so  of  resistance  wire  is  required  in  series 
with  each  lamp  in  order  to  reduce  all  to  the  same  initial  watts  per 
candle. 

The  system  adopted  at  the  Electrical  Testing  Laboratories  of  New 
York  is  to  adjust  the  voltage  initially  on  each  lamp  so  that  it  is  burning 
at  its  standard  candle  power.  The  method  insures  that  the  i6*caDdlc 
lampi  for  instance,  has  the  advantage  of  the  full  amount  of  drop  from 
16  to  1 28  candles  before  its  useful  life  is  considered  at  an  end.  The 
disadvantage  is  that  on  the  life  test  it  may  be  running  at  slightly  atKsvc 
or  below  the  correct  watts  per  candle.  The  author  prefers  the  method 
adopted  by  the  Engineering  Standards  Committee  of  having  the  watts 
per  candle  rigorously  correct.     Lamps  should  then  be  chosen  for  the 
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life  test  which  are  nearest  to  the  standard  candle  power.  In  practice, 
hotvever,  the  difference  between  the  two  methods  amounts  to 
very  little. 

The  average  candle  hours  of  useful  life  for  each  make  of  lamp  are 
given  in  Tabic  VL  The  values  have  been  corrected,  as  explained  above 
(page  295)^  to  allow  for  differences  in  candle-power  distribution  (or  the 
various  types  of  filament.  On  the  lines  of  the  Glow  Lamp  Specifica- 
iion,  a  3'8-watt  i6-c.p.  lamp  should  have  6,750  candle  hours  of  useful 
life. 

Table  VI. 


COLUMS  L 

COCUMS  3. 

Ifakeof  Lamp. 

Citndle  Hour*  of 
Useful  Uf«. 

Standard         ,  ', 

6,750 

Batch  No,  1 

a,2So 

2 

sfis^ 

3 

6,6  c^o 

4 

7.700 

I 

3>S6o 

^fiSO 

I 

7,150 

9.540 

9 

6,040 

10 

5.700 

Voltage  Regulation. 

Good  voltage  regulation  during  the  life  test  is  of  vital  importance. 
If  the  pressure  fluctuates  about  a  mean  value,  an  excess  voltage  for  a 
given  time  will  not,  as  regards  the  life  of  the  lamp,  be  fully  balanced  by 
a  corresponding  diminution  in  pressure  for  the  same  time.  Fluctuations 
in  pressure  should ^  therefore,  be  kept  to  within  +  or  —  the  half  of 
I  per  cent.  The  accurate  setting  of  the  mean  voltage  is  also  of  great 
importance^  since  it  is  not  always  appreciated  that  with  ordinary  glow 
lamps  an  increase  of  only  02  per  cent,  in  the  volts  produces  a  variation 
of  I  per  cent,  in  the  life, 

Mr,  Howell,  of  the  British  Thomson- Houston  Company,  has  kindly 
given  the  author  permission  to  reproduce  here  the  curve  shown  in  Fig.  17. 
This  curve  shows  the  connection  which  exists  between  the  length  of 
the  useful  life  of  the  lamp  and  the  watts  per  candle  at  which  it  is  started 
on  a  life  test.  The  curve  has  been  used  by  the  author  in  this  paper  to 
calculate  the  length  of  life  which  glow  lamps  will  have  under  other 
than  the  actual  conditions  of  runin-ng.  In  the  curve  a  3-1  watt  per 
candle  lamp  is  supposed  to  have  a^iifc  of  100  per  cent.*  so  that  the 
percentage  life  at  any  other  efficiency  may  be  read  off  the  curve »    The 
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diagram  illustrates  how  rapidly  the  length  of  life  changes  as  the  watts 
per  candle  vary,* 

The  curve  suggests  the  question  whether  it  is  not  possible  to 
shorten  life  tests  very  considerably  by  running  lamps  at  a  high 
efiicjeucy,  and  by  deducing  from  the  curve  what  would  be  the  length 
of  life  at  any  other  efficiency,  The  author  is  not  aware  whether  curves 
exist  similar  to  this  one  and  based  on  a  large  amount  of  data,  showing 
the  performance  of  lamps  manufactured  by  other  makers,  or  whether 
such  curves  would  agree  closely  with  this  one  or  not.  It  must  he 
remembered  that  the  relation  shown  by  this  diagram,  although  tlie 
result  of  tests  ou  a  very  large  number  of  lampsj  only  gives  the  per- 
formance for  one  make.  It  has  yet  to  be  proved  whether  all  types 
would  be  the  same  in  this  respect. 

It  is  likely^  how^ever,  that  dow*n  to  a  certain  point  the  curve  would 
give  correct  results  within  very  narrow  limits.  When  the  over- 
running is  increased,  until  the  w^atts  per  candle  reach  as  low  a  figure 
as  2  or  under,  other  effects  will  probably  come  in  and  render  the  test 
untrustworthy  (see  Fig.  19). 

Comparison  between   Normal   Lipk    Test  as*d  a\*   Overruxjci^g 
Test  on  Glow  Lamps. 

About  two  years  ago  a  series  of  tests  was  carried  out  at  the 
Nat  ion  ri  I  Physical  Laboratory  on  behalf  of  one  of  the  Government 
Departments,  in  order  to  determine  if  it  is  possible  hy  an  overRinnmg 
test  to  predict  the  percentage  drop  which  lamps  would  have  after  a 
given  time  if  run  under  ordinary  conditions,  Lamps  w»cre  ordered  on 
a  specification  which  entailed  a  life  test  for  one  hour  at  40  per  cent, 
increased  voltage. 

The  specification  is  a  modification  of  that  which  Sir  William 
Preece  adopted  at  the  Post  Office  for  testing  the  resistance  of  the 
filament  to  withstand  rnplure.  His  specification  was  based  on  an 
exhaustive  set  of  measurements,  (  from  which  he  found  that  in  the  case 
of  the  better  class  of  lamps  which  he  tested  an  increase  of  70  per  cent 
in  the  voltage  over  a  period  of  2i  minutes  did  not  appreciably 
diminish  the  candle  power  of  the  lamps  :  whilst  a  graduid  increase  of 
100  per  cent,  in  the  pressure,  over  3  minutes,  should  not  cause  rupture 
or  failure  of  any  kind. 

Under  the  first  specification  mentioned  above,  samples  are  takeim. 
from  a  consignment  of  lamps  and  run  for  60  minutes  at  40  per  cent« 
above  the  normal  voltage.  This,  in  the  case  of  an  ordinary  glow  lamp  * 
is  equivalent  to  about  13  watts  per  candJe.  At  the  end  of  this  test  ihei 
candle  power  must  not  have  fallen  more  than  a  given  amount  from  its 
rated  value,  ft  was  desired  to  compare  various  sets  of  lamps  tesiecJ 
under  these  conditions  with  an  exactly  similar  set  run  on  ordinar}'  li^*^ 
test  at  the  rated  voltage. 

*  Ftir  curves  connect  in};  vt>lta|*e,  ttc,  ^nd  length  uf  life,  xet  paper  by  I*  G*s^*^' 

f  The  Elecirjciiin,  vol.  37,  i&l^,  p*  753. 
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For  the  purpose  of  the  test,  three  different  makes  of  lamp  were 
supplied^  from  which  a  careful  selection  was  made,  in  order  to  obtain 
from  each  type  lamps  which  matched  as  regards  watts  per  candle. 
Six  from  each  make  were  then  chosen  for  the  overrunning  lest,  and 
six  for  the  run  at  normal  voltage* 

As  the  lamps  in  question  had  filaments  which  varied  considerably 
in  form,  it  was  found  that  the  watts  per  mean  horizontal  candle  powder 
did  not  form  a  sufficiently  accurate  measure  of  the  intrinsic  brightness 
of  the  carlion,  and  it  was  deemed  desirable  to  make  all  comparisons  on 
ihe  basis  of  watts  per  mean  spherical  candle  power.  Polar  curves  of 
two  of  the  lamps  which  differed  most  in  their  light  distribution  are 
given  in  Fig.  20. 

The  ordinary  life  test  was  run  at  the  rated  voltage  on  a  regulated 
circuitt  and  candle  power  measurements  were  made  at  frequent 
intervals.  Three  typical  curves  are  given  on  the  left-hand  side  of 
Fig,  18.  In  these  curves  the  percentage  drop  from  the  maximum  value 
of  the  candle  power  for  each  lamp  has  been  plotted  against  the 
number  of  hours  run  at  normal  pressure  ;  this  was  done  in  preference 
lo  plotting  actuai  values  of  candle  power,  in  order  that  it  might  be 
easier  to  draw*  a  comparison  between  any  two  lamps* 

The  results  of  candle  power  measurements  on  the  three  lamps 
which  matched  those  which  are  shown  on  the  left-hand  side  are  plotted 
on  the  right'hand  side  of  Fig.  iB,  and  are  typical  of  the  performance 
of  lamps  under  these  conditions. 

The  curves  at  normal  voltage  agree^  of  course,  in  showing  that  in  a 
general  way  the  higher  efficiency  lamp  has  a  more  rapid  fall  in  candle 
power  on  life  test  than  one  of  lower  efficiency.  Slight  individual 
variations,  however,  may  render  a  comparison  between  any  two  lamps 
somewhat  misleading.  In  order,  therefore,  that  such  variations  may 
not  lead  to  inaccurate  conclusions,  curves  were  drawn  (see  Fig.  19) 
for  each  make  of  lamp,  connecting  percentage  drop  in  candle  power 
sd^ter  a  given  number  of  hours  with  the  watts  per  candle  at  the 
Ikcginning  of  the  life  of  the  lamps  in  that  make.  Each  lamp  in  one 
make,  subjected  to  the  ordinary  iife  test,  will  thus  be  represented  by  a 
dot  on  one  curve  and  lamps  of  the  same  make  overrun  by  dots  on 
another  curve  ;  the  lamps  run  at  normal  voltage  are  shown  on  tlie  left 
side  of  the  sheet.  The  1,000 -hour  value  for  each  lamp  has  been  taken 
as  a  convenient  basis  for  comparison,  the  watts  per  M,S.C.P.  at  the 
beginning  of  life  being  plotted  as  abscissae,  against  the  percentage  drop 
after  1,000  hours  as  ordi  nates. 

The  curves  on  the  right  side  for  the  overrun  lamps  have  been 
deduced  in  a  similar  way,  the  percentage  candle-power  drop  after 
«uc  hour  being  plotted  as  ordi nates.  One  hour  was  chosen  in  order 
that  in  the  case  of  one  set  of  lamps  (No,  3)  the  percentage  drop  may  be 

Lthe  same  as  for  the  ipOOo4iour  point  on  normal  run. 
If,  from  the  point  of  view*  of  candlc-pow*er  drop,  the  overrunning 
lest  is  to  fc>e  taken  as  a  guide  to  the  performance  of  a  lamp  under 
normal  conditions,  some  definite  relations  must  exist,  in  the  case  of 
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lamps  by  different  makers,  between  those  run  on  life  test  at  normal 
pressure  and  ttiose  which  are  overrun*  For  instanccj  it  will  be  seen 
that  in  make  No.  3  (Fig.  19)  a  4^5  watt  per  M.S,C.R  lamp  gives  a  24  per 
cent,  candle-power  drop,  either  when  run  for  1,000  hours  at  roo  voJts 
or  for  one  hour  at  140  voJts.  The  other  lamps  would,  therefore,  be 
expected  to  show  a  similar  equality  in  this  respect*  This,  however,  is 
not  the  case,  as  may  hQ  seen  from  the  following  table,  in  which 
percentages  are  obtained  from  the  curves  :— 

Table  VIL 


COLtJ113l  J. 

COLUlIlf  *, 

COl,IJ«N  3. 

COLUMI*  4. 

Initial  Wattt 
Iter  M^.OF. 

Make  Df  LsLDip. 

Percentage  Drop  in  C,P. 

qjj  Life  at  Xormal  VolU 

at  [.000  HoiirB. 

PertentagcDfop  III  C.P. 
an  Life  At  40  per  Cent  In- 
cri^^tsed  VoU»  after  i  Hour. 

I 

Per  Cent, 
22 

PcJ  Cent. 
20 

5"^      ^ 

2 

3 

13 
12 

II 
16 

4'5       ^ 

1           1 

2 

3 

33 

2[ 

^4 

29 
13 

4-0       . 

I 

2           > 

3 

44 
29 

36 

32 

From  these  figures  it  may  be  seen  that  not  only  does  the  fall  of 
candle  power  in  the  two  tests  disagree  in  different  types  of  lamps,  but 
that  the  slope  of  the  curves  b  different  for  the  same  make  of  lamp,  so 
Ihat  eqtiality  in  candle- power  drop  in  the  case  of  a  low-efliciency  Limp 
may  be  consistent  with  a  difference  of  40  per  ceiit.  for  one  of  higher 
efficiency*  Hence,  from  the  point  of  view  of  maintenance  of  candle 
power,  a  40  per  cetit*  overrunning  test  on  a  lamp  cannot  be  regarded 
as  a  certain  guide  to  its  behaviour  at  normal  voltage. 

This  conclusion  only  applies  to  such  an  excessive  overrunning  as 
40  per  cenL  in  volts,  corresponding  to  about  rj  watts  per  candle. 

It  is  quite  possible  that  a  life  test  at  25  %vatts  per  candle  would  give 
results  so  neaily  consisteni  that  aU  life  tests  could  be  run  at  this  figurCi 
cnabhng  the  length  of  the  test  to  be  curtailed  from  400  hours  to  about 
120  hours.  It  is  hoped  that  a  series  of  tests  may  be  nndertaken  in  the 
near  future  to  prove  whether  this  is  possible— and  what  agreement  may 
be  expected  between  different  makes  of  lamps  in  this  respect. 

Measurement  of  Mean  Spherical  Cakdle  Power. 

For  tJie  measurement  of  mean  spherical  candle  power  in  the  tests 
described  on  page  301,  there  was  no  apparatus  at  the  Laboratory  for 
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taking  spherical  candle-power  ob:^ervations  in  one  reading,  and  it  was 

at  first  found  necessary  to  UE»e  a  point  by  point  method.  The  lamp  is 
supposed  fitted  at  the  centre  of  a  sphere,  and  the  surface  of  the  latter  is 
divided  up  into  zones  by  eighteen  equidistant  parallel  planes  at  right 
angles  to  the  vertical  axis  of  the  lanip.  These  pJanes  witl  form  parallels 
of  latitude  on  the  surface  of  the  sphere.  Eighteen  candle-power  obs^^r- 
vations  were  made  at  intervals  of  20*  round  each  of  these  circles,  com- 
prising in  all  324  readings  for  each  lamp.  If  the  average  for  each  zone 
is  plotted  in  a  polar  diagram  the  mean  candle-power  distribution  curve 
for  each  lamp  is  obtained.  The  usual  Rousseau  diagram  is  then  plotted 
and  the  ratio  of  the  mean  spherical  to  the  mean  horizontal  candle 
power  deduced. 

The  laborious  nature  of  the  candle  power  measurements  in  these 
tests  led  the  author  to  try  the  accuracy,  by  actual  measurement,  of  a 
method  for  determining  mean  spherical  candle  power  originated  by 
Mr,  Alex.  Russell/-'  who  was  the  first  to  point  out  that  by  selecting  the 
correct  angles  in  the  vertical  plane,  the  accuracy  of  the  result  wuuld 
not  be  appreciably  diminished  if  the  sphere  be  considered  divided  up 
into  considerably  fewer  than  eighteen  zoneSj  thus  greatly  reducing  the 
number  of  observations  necessary. 

The  table  given  below  shows  the  mean  spherical  candle  power  of 
two  glow  lampSj  obtained  by  taking  readings  at  2,  4,  6,  8^  10,  and 
20  angles  respectively,  from  which  it  will  be  seen  that  the  error  iutro- 
duced  in  these  cases  by  taking  4  instead  of  20  readings  is  only  2  per 
cent.,  and  by  taking  6  instead  of  20  is  only  t  per  cent 

Table  VII L 


[n  De£re««  at  which  Candle- Power  Headings 
were  taken. 

Afcaa  tyi  Readings  at  OItcd 

Lampi, 

Lpmpt. 

30 " 

I4;5,48^6     ... 

96,30,564 

7'2, 12,  3**7.  ^"       

ST  irSr  30.  44'4' ^4'2      "-        "■         -^ 
2'9,  8-6,  r4'5^  205,  267,  33*4,  40*5,  j^Mi, 

S8%7i"8 " 

128 

122^ 

I21s 

in 
la-Oj 

t2"r 

t4'9 

H'4s 

143 
H'h 

The  above  test  could  have  been  shortened  without  appreciably 
affecting  its  accuracy  by  rotating  the  lamp  and  meiisuring  what  may 
be  calit^d  the  conical  candle  power  of  the  lamp  in  various  directions. 


•  *VMe;iii  Floriznntal  and  Mean  Spherical  Qmdle  Power."  Jourtfijt  InsiiluliPm  a 
Bkctrical  Engtncm^  voL  33^  1903,  p.  631, 


Fig.  21.— General  View  ^f  AutoiTiatic  VoHjige  Regulator- 


Fig.  ij.-'Automatic  VoUiigc  Regulator— View  of  Rocker  and  Mercuric  C\x^%. 
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We  may  define  the  mean  **  conical  "  candle  power  at  aa  angle  9,  as>  the 
mean  candle  power  in  a  direction  making  an  angle  9^  with  the  equa- 
torial plane  of  the  lamp.     If  readings  had  been  taken  at  angles  of  i/6**, 
30^  56*4°  above  and  below  the  equatorial  plane  of  the  lamp,  the  mean 
of  the  six  readings  would  have  given  the  NLS.C.P.  with  an  inaccuracy 
of  iibout  1  per  cent.     This  b  the  principle  used  in  the  Russell* Leonard 
integrating  photometer/-'     Mr»  L,  W.  Wild  |  has  made  the  ingenious 
suggestion  of  measuring  the  candle  power  in  directions  in  the  vertical 
phne^  making  equal  angles   with   one  another  and   multiplying   the 
candle  power  in  the  various  directions  by  certain  factors  before  taking 
the  mean  value.    This  method,  however,  like  the  Rousseau  method, 
tntails  spending  an  equal  time  in  taking  measurements  near  the  pole 
^tKl  near  the  equator.     The  Russell  method  of  increasing  the  number 
af  readings  as  the  equatorial  zone  is  approached  is  preferable  from  the 
tbeoretical  point  of  view,  and  the  arithmetic  is  simpler.    It  should  be 
noted,  when  employing  this  method,  that  in  taking  six  readings  at 
the  angles  indicated,  no  light  is  considered  lost  through  the  presence 
of  the  lamp  socket^  which  actually  cuts  off  a  certain  amount  of  hght. 
The  method  assumes  that  the  distribution  curve  is  the  same  at  the 
Socket  end  as  at  the  tip  end  of  the  lamp.     If  the  mean  spherical  candle 
power  of  the  lamp  as  a  whole  is  required,  the  ratio  by  this  method  will 
be  slightly  high*    If,  however,  it  is  desired  to  obtain  a  measure  of  the 
intrinsic  brightness  of  the  filament  the  Russell  method  will  give  more 
accurate  results. 

Voltage  Regulator. 


I 


A  voltage  regulator  for  life  tests  has  been  in  use  for  the  last 
three  years  at  the  National  Physical  Laboratory.  It  was  devised  by 
Mr.  Rayner  and  the  author  for  automatically  varying  a  resistance 
in  series  with  the  field  circuit  of  the  alternator  which  supplies  current 
to  the  life  test  lamps.  It  is  not  suggested  that  the  regulator  will  work 
crontinuonsly  without  attention  or  that  it  is  in  a  form  in  which  it 
eonld  be  used  in  an  engine-room ;  as  a  piece  of  laboratory  apparatus^ 
however,  it  work^  satisfactorily  and  adjusts  alternating-current  voltage 
automatically  to  within  the  limits  of  +  or  —  one  half  of  i  per  cent 

A  photognkph  of  the  arrangement  is  shown  in  Fig.  21.  It  consists 
in  the  main  of  three  parts  i' — 

(i)  A  primary  alternating- current  relay  (shown  at  the  back  of  the 
figure)  actuated  by  means  of  Leclanche  cells 

(2)  a  second  relay  {shown  on  the  left).    This  starts— 

(3)  a  small  motor  either  forwards  or  backwards  which  drives  a 
<3mm  of  resistance  wire,  rotating  under  a  sliding  contact  brush.  The 
^atomatic  adjustment  of  this  resistance,  which  is  in  series  with  the 
fictierator  field,  raises  or  lowers  the  voltage  so  as  to  keep  it  constant, 

1  •  A,  Blondd,  "  Meaophdtometcrs  and   Lumeometer* "  {Socidi^  IrtUmaiiQnate  da 

■     ^^fKtnttttii,  BiilU  4,  1904*  P-  ^S^  I  Scieace  Ahitracls^  vol*  H  B,  p.  J23). 
B  t  Etectnctan^  vol.  55,  1905,  p.  q%b. 

m        Vol.  3§,  20 
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The  first  relay  is  built  up  in  the  same  way  as  a  Siemens  dynamo- 
meter, with  two  coils  at  right  angles  to  each  other.  These  are  connected 
in  series  with  a  resistance  and  put  across  the  alternating-current  voltage 
which  is  to  be  regulated. 

The  movable  coil  is  suspended  by  a  silk  fibre  and  controlled  by  a 
coiled  spring.    It  has  a  long  arm  attached  to  it,  and  if  the  torsion  on 


Rmc  u  I*  Jk,T- E  o 


Jnm.KCKji^^'rwLo 


Fig.  23. — Voltage  Charts  on  Regulated  and  Unregulated  Circuits. 


the  spring  is  correctly  adjusted  this  arm  floats  midway  between  two 
stops  when  the  voltage  is  normal.  If  the  voltage  is  too  high  or  too  low, 
contact  is  made  on  one  side  or  the  other,  and  current  passes  from  the 
Leclanche  cells  to  actuate  the  second  relay. 

The  arrangement  was  found  very  unsensitive  and  unreliable  in  its 
working  when  the  pressure  between  the  arm  and  stops  alone  was  used 
for  making  contact.    The  device  was  therefore  resorted  to  of  using  a 
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long,  fine  steel- wire  rocker,  actuated  by  the  arm,  and  dipping  either  side 
into  mercury  cups  according  as  the  voltage  was  above  or  below  normal 
(see  Fig.  22).  This  improved  the  sensitiveness  of  the  apparatus,  but 
due  to  the  reluctance  of  the  steel  rocker  to  leave  the  mercury  the 
arrangement  still  had  a  tendency  to  ''  hunt."  This  was  due  to  the  fact 
that  the  main  voltage  on  the  relay  had  to  be  raised  or  lowered  by  the 
small  amount  necessary  to  produce,  at  the  end  of  the  arm,  sufficient 
force  to  pull  the  rocker  out  of  the  mercury.  As  soon  as  it  left  the 
mercury  it  of  course  rocked  over  to  the  other  side,  and  the  same 
process  was  repeated. 

The  trouble  has  been  remedied  by  permanently  magnetising  the  steel- 
wire  rocker.  The  current  from  the  Leclanche  cells  which  actuates 
the  second  relay  is  then  made  to  pass  round  one  or  other  of  the 
two  soft  iron  rings  shown  at  the  top  of  the  mercury  cups.  As  these 
are  wound  with  a  number  of  turns  of  fine  wire,  a  field  is  produced  as 
soon  as  contact  is  made,  which  repels  the  rocker  with  a  force  equal  to 
the  "stiction'*  of  the  mercury.  The  rocker,  therefore,  both  touches 
and  leaves  the  mercury  without  the  necessity  of  applying  any  extra 
force  at  the  point  of  contact. 

The  second  relay,  being  actuated  by  direct  current,  did  not  offer 
any  real  difficulties.  It  consists  of  a  horizontal  moving  coil  which 
rocks  over  one  side  or  the  other,  making  contact  between  four  mercury 
pools,  and  driving  the  motor  either  forwards  or  backwards.  The  circuit 
is  broken  under  oil,  which  covers  the  surface  of  the  mercury. 

A  set  of  volt  records,  three  with  the  regulator  working,  and  one 
without  it,  is  shown  in  Fig.  23. 


In  conclusion,  the  author  wishes  to  emphasise  the  importance  both 
of  accurate  photometry  and  accurate  electrical  adjustments  in  con- 
nection with  the  rating  and  testing  of  glow  lamps.  The  specification 
recently  issued  by  the  Engineering  Standards  Committee  provides  a 
sound  basis  upon  which  glow  lamps  may  be  bought  and  tested,  but  it 
is  essential,  in  view  of  the  sensitiveness  of  the  glow  lamp  to  small 
changes  in  pressure,  that  all  measurements  under  it  shall  be  conducted 
with  a  maximum  degree  of  accuracy. 

The  waste  of  money  per  annum  in  this  country  due  to  using  unsuit- 
able lamps  must  be  very  great,  and  the  only  way  to  stop  the  waste  is 
to  encourage  those  manufacturers  who  rate  their  lamps  properly  and 
who  give  an  effective  guarantee  of  their  quality.  It  should  further  be 
noted  that,  in  order  to  obtain  all  the  advantages  accruing  from  the 
accurate  rating  of  glow  lamps,  it  is  essential  that  supply  engineers 
should  regulate 'i'  the  voltage  at  the  consumers'  terminals  within  the 
narrowest  possible  limits. 

In  connection  with  these  tests  the  author  desires  specially  to 
acknowledge  the  obligation  he  is  under  to  Dr.  Glazebrook,  Director 

*  Sir  William  Preece,  Report  0/ British  Association^  1906. 
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of  the  National  Physical  Laboratory  and  Chairman  of  the  Sub-C^m* 
mittee  on  Physical  Standards  which  has  been  engaged  in  the  work  cf 
drawing  up  the  Glow  Lamp  Specification,  He  also  wishes  to  thajilt 
Mr.  Rayner  for  his  ready  assistance  and  advice,  and  to  acknowledge  his 
indebtedness  to  Mr  Sclby  and  other  members  of  the  Laboratory  staff 
for  their  counsel  and  help. 


Discossiox, 

^Ijt. Ficminfi.  Dr  J.  A.  FLEMING  :  The  paper  presented  to  us  is  undoubtedly 
one  of  great  value,  containing  as  it  does  a  large  store  of  informatioQ 
on  incandescent  lamps  and  standards  of  light  gathered  as  a  rcstilt 
of  most  careful  work,  Iti  fact,  one  may  say  that  nowhere  except  ai 
a  National  Physical  Laboratory  could  such  work  have  been  done. 
In  a  teaching  laborator>^  like  my  own,  where  any  research  work 
has  to  be  conducted  intermittently,  it  is  impossible  to  give  Iht 
time  and  exchisive  use  of  appliances  required  for  this  class  of  work. 
Hence  I  am  much  interested  in  noting  the  results  obtained  in  con- 
nection with  matters  to  which  I  have  myself  given  considerable 
attention. 

In  the  first  place  the  author  has  made  a  very  thorough  examination 
of  the  difficulties  and  peculiarities  of  existing  flame  standard:;^  of  hght, 
and  he  piles  proof  upon  proof  confirming  the  statements  I  made  in  my 
paper''  four  years  ago  as  to  the  great  effect  of  moisture,  %ntiated  atrao* 
sphere,  and  mode  of  usage  on  the  light  emitted  by  the  pentatie  and 
amyl  acetate  and  other  flames,  giving  numerical  data  and  correcting 
formula?  more  complete  than  those  I  was  able  to  furnish. 

We  then  see  that,  if  these  corrections  arc  not  applied  and  if  tlicst 
flame  standards  are  taken  haphazard  on  any  day  of  the  year,  ihc 
illuminating  power  may  l>e  uncertain  to  the  extent  of  lo  per  cent.,  and 
the  observer  may  tie  reckoning  as  lo  candles  that  which  is  really  only 
9,  and  that,  apart  from  a  careful  use  of  the  barometer,  hygrometer,  and 
sufficient  ventilation  even  a  pcntanc  standard  may  mislead  you  as  to 
light  as  much  or  even  more  than  an  ordinary  common  commercial 
ammeter  may  mislead  you  as  to  current-  Even  when  the  atmospheric 
condition  is  carefully  noted  and  corrections  are  applied,  I  find  there 
remains  a  difficulty  with  regard  to  the  exact  position  of  the  top  of  tiit 
flame.  When  you  look  at  a  pentane  flame  through  the  little  mici 
window  in  the  chimney,  you  see  that  it  is  not  sharp  and  square  at  the 
top,  but  ends  in  little  tongues  of  fiame  continuaUy  dancing  up  and 
down,  and,  apart  from  great  experience  and  constant  attention,  0P<? 
cannot  adjust  it  to  the  right  height ;  and  although  this  part  of  the  fl.inie 
does  not  send  out  hght  to  the  photometer,  it  influetices  that  which  do€N 
and  affects  the  light  of  the  lamp. 

It  was  in  the  attempt  to  overcome  these  difficulties  that  I  was  led  *« 
propose  the  use  of  the  large  bulb  incandescent  lamp  standards  wU^ 

•  yoitmai  Ittsiiiuiiim  o/  Ekctrical  Enginetr^  voL  ja,  1903,  jx  n^ 
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Mr.  Paterson  has  also  carefnlly  examined.    In  the  first  place  let  me  say  Dr.  Fleming. 

that  I  still  maintain  (in  spite  of  some  contradiction)  my  opinion  as  to 

the  value  of  the  large  glass  bulb,  which  I  believe  I  was  the  first  to 

suggest.    The  loss  in  light  of  an  incandescent  lamp  with  age  is  very 

nearly  all  due  to  the  obscuration  of  the  glass,  and  it  stands  to  reason 

that  the  larger  the  glass  surface  and  the  farther  it  is  from  the  filament, 

the  less  will  be  that  obscuration  for  a  given  use.    In  the  next  place  I 

believe  that  in  the  large  bulb  carbon  filament  lamp  (provided  it  is 

properly  made  and  aged  to  begin  with)  we  have  a  far  more  perfect 

means  of  preserving  a  standard  of  light  than  any  flame  standard  yet 

made.   We  have  no  corrections  to  apply  for  atmospheric  conditions ;  all 

we  have  to  do  is  to  pass  through  the  lamp  a  known  measured  current. 

I  am  glad  to  see  that  Mr.  Paterson  uses  invariably  soldered  leads  to 

these  lamps,  as  the  use  of  caps,  though  convenient,  may  lead  to  errors  ; 

but  with  soldered  leads,  a  potentiometer  to  measure  the  current,  and 

the  double  weighing  method  of  photometry  suggested  by  me  four  years 

ago,  very  consistent  results  can  be  obtained.     The  manufacturing 

difficulty  is  that  of  securing  uniformity  in  the  structure  of  the  carbon 

filaments  used  for  making  the  lamps.    The  result  I  aimed  at  was  to 

secure  that  after  the  first  small  rise  of  candle  power  the  emission  of 

light  for  a  constant  current  should  be  as  nearly  as  possible  constant  for 

several  hundred  hours.    The  slight  initial  rise  in  candle  power  is  due 

to  a  slow  annealing  of  the  carbon  by  which  its  resistance  is  reduced  so 

that  it  takes  more  current  at  constant  volts,  and  therefore  gives  more 

light.     If  you  look  at  the  life  curves  the  author  has  given  for  the  six 

Fleming- Edis wan  standards,  you  will  see  that  lamp  No.  15  almost 

perfectly  fulfils  my  ideal.    There  is  a  small  initial  rise  in  candle  power, 

of  not  more  than   i   per  cent.,  then  a  constant  period  for  nearly 

300  hours,  and  then  a  slight  falling  off  in  candle  power,  current  being 

meanwhile  practically  constant.     Lamp   No.  9  exhibits  very  nearly 

the  same  performance,  but  the  initial  rise  and  final  fall  in  candle  power 

are  a   little  more  pronounced,  being  2  and  3  per  cent.    In  lamps 

Nos.  10  and  14  the  practically  constant  period  seems  limited  to  about 

100  hours,  and  for  some  reason  or  another  the  period  of  rise  of  candle 

power  amounting  to  merely  3  per  cent,  has  been  prolonged  from 

something  about  100  to  more  nearly  about  300  hours.    Lamps  Nos.  8 

and  1 1  are  certainly  abnormal.    In  lamp  No.  1 1  the  constant  period 

has  never  been  reached  at  all,  and  during  the  whole  600  hours  the 

candle  power  is  continually  rising.    The  total  increase  in  500  hours 

amounted  to  about  10  per  cent,  in  lamp  No.  1 1  and  6  per  cent,  in  the 

case  of  lamp  No.  8.    In  any  less  careful  hands  than  Mr.  Paterson's  I 

should  have  been  inclined  to  doubt  the  results,  but  in  view  of  his 

experience  I  can  only  assume  that  in  these  two  lamps  less  care  has 

been  taken  in  the  preparation  of  the  filaments  than  ought  to  have  been 

the  case. 

In  my  paper  on  Photometry  I  specified  that  the  filaments  should  be 
run  in  ordinary  bulbs  for  about  50  hours  at  5  per  cent,  above  their 
marked  voltage,  and  then  those  which  showed  no  defects  should  be 
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^Xkr, Fiemijag.  cut  out  and  remounled  in  the  large  clear  bulbs.  It  may  perhaps 
be  best  to  specify  this  preUminary  ageing  not  by  a  tixed  number  of 
hours  of  running,  but  up  to  such  a  time  that  the  candle  power  shows 
no  signs  of  increasing.  If  a  certificate  to  this  effect  were  furnisbed 
with  each  l^imp  by  the  manufacturer^  It  would  be  a  guarantee  againsl 
the  sending  out  of  lamps  as  photometric  standards  which  have  not 
received  sufBcient  preliminary  ageing. 

I  tind  by  inquiry  that  the  large  bulb  Fleming- Ediswan  lamps  whicb 
Mr.  Pater  sou  has  tested  were  run  at  the  factory  for  50  hours  as 
specified  by  me  before  sending  them  to  him.  It  is  evident,  however, 
that  it  is  not  sufficient  to  specify  a  hard  and  fast  number  of  hours  for 
the  ageing  of  a  photometric  standard  lamp*  I  am  inclined  to  think  it 
should  be  run  for  at  least  100  hours,  and  photometric  nieasuremeats 
taken  for  24  hours.  If^  then,  four  such  observations  should  show  that 
the  initial  rise  in  candle  power  lias  clearly  ceased,  the  lamp  might  he 
sent  out  with  the  manufacturer's  certificate  to  this  effect,  a  photometric 
certificate  being  then  obtained  from  some  standardising  laboratoiy. 
If,  however,  the  result,  say  of  4  days'  runningr  is  to  show  that  tlit 
candle  power  is  continually  increasing^  then  it  should  not  be  sent  oot, 
or  if  it  is  sent  out^  the  fact  should  be  stated. 

Nevertheless,  even  taking  the  very  worst  case,  it  is  easy  to  see  tbat 
a  lamp  of  this  kind  once  certified  in  same  way  as  to  its  actual  candle 
power  affords  a  far  better  means  of  conveying  to  another  place  or 
reproducing  a  known  candle  power  than  by  the  employment  of  a  ftame 
standard.  If  such  a  photometric  standard  is  used  simply  to  set  ttc 
photometer  in  the  Way  I  have  specified,  such  setting  occupying  ten 
minutes  or  so,  we  can  use  it  500  or  600  times  before  its  total  tijiie  of 
burning  will  have  added  up  to  100  hours.  Taking,  then,  the  worst  lamp 
of  the  batch  tested  by  Mr.  Paterson,  viz.,  the  Fleming-Ediswa:i 
standard  lamp  No.  11,  its  change  in  candle  power  in  the  neighbour- 
hood of  13  candles  is  about  i  of  a  candle  power  per  100  hours,  in  other 
words,  2  per  cent.  Hence  the  user  of  such  a  lamp  could  employ  it  at 
least  a  couple  of  hundred  times  as  a  standard  before  its  actual  vz\^ 
altered  i  per  cent.  On  the  other  hand^  for  the  best  lamp.  No*  1$* 
it  could  be  employed  1,000  or  1,500  times  before  the  candle  power 
altered  by  much  less  than  i  per  cent.,  apart  altogether  from  my 
personal  errors  in  the  process  of  making  the  measurements.  I  should, 
however  J  incidentally  Uke  to  ask  the  question  how  the  candle  powers 
of  these  large  bulb  lamps  were  determined  during  the  progress  of  their 
life  ?  Were  they  measured  against  a  pentane  standard,  or  were  they 
measured  against  other  large  bulb  standards  which  were  used  Q^lf 
occasionally  ? 

In  the  next  place  I  should  hkc  to  refer  to  the  question  of  the  nti<^ 
between  the  Hefner  unit  and  the  pentane  unit.  Mn  Paterson  gives 
this  ratio  as  0*914,  in  other  words,  H,U*  ^0-914  P.U.  In  order  *<> 
determine  this  ratio  for  ourselves^  in  July  last  Mr.  Clinton  kindly  toolf 
three  of  our  large  bulb  Pender  laboratory  standards  to  Berlin  aod  h^ 
them  tested  at  the  Reich sanstalt  at  95*9  volts,  corresponding  to  our 
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96  volts,  lo  allow  for  the  diHerence  between  the  Berlin  and  British  Dr.  Fieniiois*. 
values  of  the  Clark  cell»  and  these  three  lamps  were  marked  respec* 
tively  P^,  Pif  and  Pi^.  and  wltc  certified  at  Berlin  as  15-1,  12-6,  and  15^4 
Hefner  units.  The  same  lamps  were  sent  ten  days  later  to  Mr. 
Paterson»  who  kindly  measured  them  at  the  National  Physical  Labora- 
tory at  96  volts^  and  they  were  certified  respectively  as  13*4 ii  ii'l2, 
and  14^07  P.U.  or  candle  power*  These  three  measurements,  therefore, 
give  the  ratios  respectively  as  0^888,  0*882^  and  0*885,  ^^^^^  ratio  is 
about  3  per  cent,  less  than  0*914.  If  we  take  the  factor  o"9i4  for 
canverting  Hefner  to  pentanc  unitSj  then  the  Berlin  measurements 
of  these  lamps  are  3  per  cent,  greater  than  the  N,P,L.  measurements* 
Mr,  Clinton  me^isured  these  lamps  a  day  or  two  ago  against  one  of 
our  standards  P^  which  the  N.P.L.  had  certified  to  be  1228  P,U, 
at  96  volts,  and  he  found  the  three  lamps  P^^  P^,  ?,□  in  terms  of  Pj 
to  hate  the  values  13*64,   11*17,  H*^^  candle  power* 

Thus  the  ratios  of  the  candle  powers  of  these  three  lamps  are  found 
to  be  nearly  the  same  in  all  three  laboratories.  I  should^  however^ 
like  to  ask  Mr*  Paterson  if  he  can  throw  any  light  on  the  reason  for 
this  large  difference  in  the  ratio  H,U./P.U.  found  by  him  and  by  me. 

In  regard  to  the  absolute  values  of  our  standardsj  in  i8t^  we  deter<^ 
mined  the  value  of  the  large  bulb  lamp  we  called  P^  against  pentane 
standards,  but  without  moisture  or  barometric  correction,  and  made  tt 
to  be  12*75  candle  power  as  mentioned  in  my  Institution  paper,  1902. 
In  1904  Mr  Paterson  gave  «s  the  value  of  this  lamp  as  12*28  P.U, 
According  to  the  recent  ratio  measurements  made  of  P3  against  P^,  Ft., 
and  Pio  combined  with  the  absolute  values  given  at  Berlin  for  the 
three  latter  lamps^  the  value  of  P^  should  be  13*58  H.U*^  and  with  a 
oonverting  factor  of  ©'914  this  gives  12  ^  candle  power,  which  differs 
less  than  i  per  cent*  from  the  value  12*3  assigned  to  it  at  the  National 
PbysicaJ  Lal>oratory*  These  differences,  however,  are  photometric 
differences ;  the  values  of  the  currents  taken  by  lamps  at  the  same 
voltage  are  in  close  agreement  as  measured  at  all  three  laboratories — 
Berlin,  the  National  Physical,  and  my  own. 

As  regards  the  demand  for  a  high -volt  age  photometric  standard, 
Mr,  Paterson's  curves  show  that  there  is  a  much  greater  difhculty  in 
meeting  it.  I  must  confess  I  cannot  see  why  the  low- voltage  lamp 
cannot  always  be  used.  Any  photometric  testing  worthy  of  the  name 
must  be  done  off  secondary  batteries  and  with  potentiometer  measure- 
ments, and  there  is  no  difliculty  in  employing  a  low-voltage  lamp  with 
a  resistance  in  series  provided  we  determine  the  candle  powder  by  the 
current  and  not  by  the  volts. 

In  conclusion,  let  me  say  time  does  not  permit  me  to  touch  upon 
many  other  points  of  interest  in  Mr.  Paterson's  paper,  but  I  think  the 
information  he  has  given  us  on  standaid  lamps  will  be  useful  in  assist- 
ing further  efforts  to  produce  a  standard  photometric  glow  lamp  far 
more  convenient  for  electric  purposes  than  any  flame  standard. 

Mr,  C.  ].  RoBEKTSON  :  This  paper  is  valuable  as  showing  the  great 
care  and  precautions  necessai^y  in  making  anything  like  a  fair  com- 
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pari  son  between  various  batches  of  glow  lamps*  The  EnginccHng 
Standards  Committee  have  just  issued  a  standard  specification  for 
carboti  glow  lamps^  which  has  bccLi  drawn  up  with  the  assistmnce  and 
co-operation  of  the  largest  British  lamp-makers,  who  were  unanimous 
in  their  approval  of  such  a  specification.  It  should  be  of  considerable 
value  to  the  electrical  profession  as  a  basis  of  what  can  be  guaranteed 
to  their  clients  in  the  future  as  to  the  performance  of  present^d^v 
carbon  glow  lamps,  and  it  is  hoped  it  will  do  something  to  keep  out 
lamps  of  unknown  origin,  which  manufacturers  are  very  keen  to  see 
brought  about.  In  this  respect  I  think  a  very  valuable  suggestion 
was  made  in  this  room  by  Mr*  Hirst,  that  in  connection  with  this 
specification  there  should  be  some  authorised  form  of  ^'  hall -mark" 
which  could  be  placed  on  lamps  which  actually  comply  with  the 
specification.  As  to  the  flame  standards  which  have  been  given  in 
detail  by  the  author,  they  show,  I  think,  that  none  of  them  are  re^ly 
hkely  to  be  used  by  engineers  in  general  for  the  testing  of  glow 
lamps,  owing  to  the  great  re  liability  of  the  carbon  glow  lamp  wlien 
properly  standardised  as  recommended  by  Professor  Fleming*  He 
has  shown  that  we  have  there  a  means  of  obtaining  accuracy  to  within 
such  a  point  that  it  is  ridiculous  to  go  further.  In  their  geneml 
behaviour  such  high- voltage  standards,  as  compared  wilh  low- voltage 
ones,  give  much  the  same  results  as  do  ordinary  high-voltage  bmps 
compared  with  low -voltage  lamps-  The  comparative  life  tests  of  big 
bulb  glow  lamps  of  high  and  low  voltage  would  have  the  same  ratio  to 
one  another  as  the  life  tests  of  similar  filaments  in  smaller  bulbs/but 
great  allowance  has  to  be  made  for  the  size  of  the  bulb.  The  figures 
given  show  the  remarkably  fine  behaviour  of  filaments  when  put  into 
extremely  large  bulbs,  and  are  a  lesson  as  to  the  great  advantage  that 
might  accrue  if  all  filaments  could  be  put  into  larger  bulbs  than  tliDH' 
which  are  generally  in  use.  On  page  290  it  is  stated  that  "  The 
makers  miss  the  incentive  to  improve  the  quality  and  uniformity  cf 
their  goods,"  I  think  this  is  not  the  case,  as  there  is,  beyond  a  coiupe- 
tition  in  price,  an  ever-growing  competition  in  quality,  and  this  point 
is  receiving  far  greater  attention  than  was  given  to  it  in  earlier  years. 
As  long  as  circuits  are  so  very  variable  a  standard  specification  will  do 
no  more  than  give  us  a  theoretically  better  batch  of  lamps ;  for,  after 
all,  if  a  nominal  200- volt  circuit  is  mostly  run  at  210  volts,  it  is  the  lamp 
makers  who  first  acquire  this  information  and  then  have  to  supply  i 
slightly  higher  voltage  lamp  to  suit  it,  whereas  a  consumer  on  such  a 
circuit  would  specify  for  200-volt  standard  specification  lamps  and  nol 
get  such  good  resuUs  as  he  previously  obtained.  This  shows  th4 
before  the  specification  can  be  of  general  use,  there  must  also  be  sofltf 
standardisation  of  average  and  extreme  voltage  pressures,  so  that  ia 
any  case  the  consumer  will  know  whether  a  400-hour  lamp  or  ^^ 
800-hour  lamp  is  the  most  suitable  for  a  given  circuit.  Fig.  H 
shows  a  diagram  of  what  is  tj'pical  of  American  lamps  ;  there  is  W* 
doubt  that,  when  the  Enghsli  makers  have  the  same  conditions  q( 
approximate  equal  voltage  grading,  they  can  show  the  same  reiul*^ 
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but  at  present  wc  have  not  those  conditions.  There  is  no  difficulty  in 
reproducing  daily  such  lamps  here  now,  but  owing  to  the  restricted  field 
for  certain  outside  voltages  in  England  as  compared  with  America^ 
and  as  was  very  well  illustrated  by  Sir  William  Preece's  diagram  that 
has  been  shown  to-night,  this  would  entail  an  increased  price*  Table 
III-  also  shows  considerable  variation,  some  of  the  conditions  which 
tend  to  these  results  being  mentioned  further  on.  The  only  relief 
for  such  a  condition  of  things  is,  as  I  have  said,  to  adopt  the 
American  conditions  of  voltage  grading.  If  this  is  not  possible,  then  a 
narrow  specification  similar  to  the  American  one  will  entail  a  higher 
price  than  is  paid  at  present.  We  cannot  get  rid  of  lamps  unless  we 
have  an  approximately  even  grading  of  all  the  different  voltages.  From 
a  l^amp-maker*!?  point  of  view  there  ought  to  be  as  many  voltages  of 
one  kind  as  there  arc  of  another,  but  at  present  they  are  so  terribly 
uneven.  There  are  large  numbers  of  lamps  being  made  of  one  par- 
ticular voltage,  and  the  outfalls  on  either  one  side  or  the  other  are  of 
no  use  whatsoever,  there  being  no  voltage  near  them*  As  to  life 
testing  at  efficiencies  different  from  the  actual  efficiency  to  which  the 
lamp  is  being  made,  the  Robertson  Lamp  Company  have  carried  out  a 
scries  of  tests  on  this  question^  and  have  tried  to  cut  down  the  period 
of  running  so  that  lamps  are  overrun  by  a  certain  per  cent.,  but  our 
results  with  various  makes  of  lamp  are  the  same  as  those  mentioned 
by  the  author — there  is  no  reliability  in  an  overrunning  test  in 
comparison  with  normal  running  tests,  and  individual  lamps  give  vary- 
iflg  results  which  are  most  peculiar,  I  agree  with  the  author  that^  to 
compare  the  quality  of  different  lamps,  they  must  be  run  at  the  same 
efficiency  in  watts  per  M.S.C.P.,  or  if  the  factor  from  the  mean  hori- 
zontal is  known*  then  in  watts  per  M.H.C.P,  The  objections  to  com- 
parative tests  at  6xed  voltage  or  tixed  candle  power  are  fully  enumerated 
in  the  paper,  but  the  purchaser  will  expect  to  get  lamps  suitable  for 
the  nominal  voltage  of  his  current,  and  will  naturally  want  to  know 
their  life  behaviour  at  that  nominal  voltage.  With  time  and  greater 
attenlion  to  voltage  regulation  it  may  be  possible  to  restrict  even 
further  the  limitations  of  this  specitication, 

I  think  that  the  ultimate  possibilities  of  carbon  filaments  have  by 

no   means  been  exhausted,  and  that  there  is  a   great   field  for   the 

Improvement  of  the  carbon  lamp  in  the  future,  for  one  has  only  to 

rcniember  that  the  volatilising  point  of  carbon  is  twice  as  high  as  that 

of  the  newer  metals  being  tried,  and  also  that  its  specific  resistance  is 

much  higher,  and  is,  to  a  certain  extent,  controllable  between  the  non- 

K    conductive  lampblack  stage  and  the  highly  conductive  graphitic  stage, 

I    and  thence  onward  to  a  second  non -conductive  stage  as  wc  approach 

I    nearer  the  state  of  the  diamond. 

I  Mr.  A.   RUS.SELL :    1    was  particularly   interested   in   the   tests  on 

I  the  Carcel  lamp  described  in  the  early  part  of  the  paper,  Con- 
■  siftering  that  the  Carcel  lamp  was  invented  in  iSoo.  that  is,  eight 
I  years  before  Murdoch's  tallow  candle,  I  was  surprised  to  find  what  an 
W     admirable  unit  it  is.     It  is  s^itisfactory  to  note  that  the  intensity  of  the 
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.  RusseiL  light  emitted  horizontally  by  this  lamp  is  practically  identical  with  that 
given  out  by  the  modern  io-c.p.  Harcourt  pentane  standard.  It  makes 
it  easy  to  interpret  the  results  obtained  by  Fresnel»  Dumas,  Regnault, 
and  other  French  physicists.  It  is  interesting  for  us  to  remember  that 
Fresnel  was  also  an  engineer.  The  author  points  out  the  importance 
of  measuring  the  M.S.C.P.  of  glow  lamps.  It  has  now  been  admitted 
for  many  years  that  the  method  of  measuring  the  efficiency  of  glow 
lamps  in  terms  of  theM.H.C.P.  per  watt  is  unscientific  and  inequitable. 
What  we  want  is  the  M.S.C.P.  per  watt.  This  can  be  easily  done  by 
an  integrating  photometer  or  a  lumenmcter.  If  no  appliance  of  this 
nature  is  available,  then  the  lamp  has  to  be  rotated  and  about  ten 
measurements*  taken  at  given  angles.  This,  however,  takes  time. 
Dr.  Fleming  suggested  in  a  paper  f  read  to  the  Physical  Society  about 
two  years  ago  that  it  would  be  possible  to  calculate  the  ratio  of  the 
M.S.C.P.  to  the  M.H.C.P.  with  sufficient  accuracy  for  practical  pur- 
poses, and  so  the  M.S.C.P.  could  be  found  from  the  M.H.C.P.  at  once 
by  multipl3ring  by  this  ratio,  which  is  called  the  reduction  factor.  An 
inspection  of  the  author's  diagrams  of  candle  power  distribution 
curves  (Fig.  20)  has  suggested  to  me  a  method  of  computing  the 
reduction  factor  of  carbon  glow  lamps  from  two  measurements  only, 
namely,  the  M.H.C.P.  (Ih)  and  the  vertical  c.p.  (Iv). 

Let  us  suppose  that  S  is  the  source  of  light  and  that  a  vertical  section 
of  the  c.p.  surface  consists  of  the  semicircle  SLA,  and  the  arc  of 
a  circle  A  E  B  and  the  symmetrical  curves  on  the  other  side  of  the 
vertical.    The  equation  to  A  E  B  is — 

R  =  rcos9  -h  a  sin  9, 

where  S  A  =  r,  S  B  =  a,  and  9  is  the  angle  which  the  radius  vector 
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that  is —  Mr.  RuaselL 

0785  +  0*125  (Iv/Ih)  approximately. 

It  is  to  be  noticed  that  in  the  above  proof  no  assumption  has  been 
made  as  to  the  distribution  of  the  flux  of  light  in  the  horizontal  plane. 
The  hypothetical  c.p.  surface  has  the  same  equatorial  curve  and  the 
same  poles  as  the  actual  c.p.  surface.  Now  there  is  obviously  an 
infinite  number  of  surfaces  that  will  satisfy  these  conditions,  but  if  we 
make  the  limitation  that  they  are  not  to  be  very  different  from  the 
curves  shown  by  Mr.  Paterson  in  Fig.  20  we  may  use  the  approximate 
formulae  we  have  obtained,  as  an  appreciable  variation  in  the  shape  of 
the  surfaces  does  not  much  alter  the  reduction  factor.  For  instance 
the  equation  to  the  curve  B  D  A  is — 

R  =  r  cos  0  +  a  (i  —  cos  9), 

and  hence  by  the  method  given  above  we  find  that  the  reduction  factor 
equals — 

0785+ (1/2 -W8)(Iv/Ih), 
that  is — 

0785  +  0-107  (Iv/Ih). 

The  large  alteration  in  the  shape  of  the  upper  c.p.  surface  has  thus 
diminished  the  reduction  factor  by  only  about  i  per  cent.  If  the  upper 
part  of  the  vertical  c.p.  curve  had  been  the  circle  A  F  the  reduction 
factor  would  have  been  (i  +  7r/4)/2,  that  is,  0*89  nearly.  If  it  had  been 
the  two  semicircles  of  which  one  is  A  C  S  it  would  have  been  079.  In 
practical  work,  therefore,  we  may  use  the  formula — 

0785+0- 1 1  (Iv/Ih), 

with  considerable  confidence  that  the  maximum  inaccuracy  of  the 
results  is  only  about  i  or  2  per  cent. 

I  should  like  to  point  out  that  appreciable  errors  sometimes  arise  in 
practice  owing  to  the  assumption  that  the  law  of  inverse  squares, 
obtained  on  the  assumption  of  a  spherical  source  of  light,  can  be  used 
when  carbon  filaments  of  appreciable  length  enclosed  in  glass  bulbs  are 
being  compared.  I  have  previously  shown  that  the  horizontal  intensity 
of  the  illumination  at  a  given  distance  round  a  glow  lamp  varies  in 
an  extraordinary  manner,  owing  mainly  to  the  reflections  of  the  light 
from  the  bulb.  The  shapes  of  the  curves  of  horizontal  c.p.  obtained  at 
different  distances  are  different,  and  so  in  certain  cases  it  is  not  saf.e 
to  assume  that  the  law  according  to  which  the  intensity  of  the 
illumination  varies  is  that  of  the  inverse  square. 

Mr.  Lancelot  W.  Wild  :  With  regard  to  the  pentane  lamp,  the  Mr.  wiw. 
author  has  determined  the  e£Fect  of  humidity,  the  barometric  pressure, 
and  COs,  and  he  has  now  promised  an  inquiry  into  the  effect  of  a 
variation  in  the  amount  of  oxygen.  I  would  also  suggest  one  other 
subject  which  certainly  requires  investigation,  and  that  is  the  effect  of 
the  dimensions  of  the  photometer  room,  more  especially  the  height,  as  I 
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Mr,  Wild,      am  rather  inclined  to  think  that  the  height  has  a  considerable  effect 

upon  the  chimney  draught*     In  comparing  some  tests  which   I  carried 
out  with  considerable  care,  and  which  were  chi*ckcd  in  the  NationaJ 
l^hysical   Laboratory,  I  fonnd  that  a  particular  pentane  h^mp  when 
tested  in  the  Westminster  Electrical  Testing  Laboratory,  all  allowance 
being  made  for  humidity  and  barometric  pressure,  gave  4^  per  cent. 
Ee^s  candle  power  than  it  did  at  Teddjngton.      I  put  this  down  lo 
the   fact    that    my    photometer   room    was    less    lofty,    or    else    tbai 
there   was    less  oxygen   in   the  air  at   Westminster   than   in    BGishy 
Park*    With  regard  to  the  question  of  incandescent  lamps  for  use  as 
standards,  I  see  that  the  author  has  obtained  %*cry  good  results  with 
Dr.  Fleming*^  low-voltage  incandescent  lamp,  but  when  he  tried  hij;;h- 
voltage  (amps  of  various  makers  the  results  were  not  so  satisfactory. 
The  demand  at   present  is  for  high- volt  age  lamps,  and  this  demand 
will  have  to  be  satisfied^    As  I  have  supplied  various  lamp-maker?  and 
central'Station  engineers  with  a  considerable  number  of  liigh^voUage 
Standard  lamps,  I  thought  it  was  incumbent  upon  me  to  make  a  te^td 
them.    So  I  took  six  of  these  high- voltage  lamps  of  various  voUa^ 
up  lo  250 ;  I  took  them  at  random  out  of  stock  after  they  had  been 
aged  ;  they  were  all  of  about  16  candle  power,  and  about  4I  watbi  per 
candle.     I    ran  those  lamps  at  a  steady  voltage  for   100  hours,  and 
tested  them  at  intervals  of  about   16  hours.     The  greatest  variatioo 
found  in  those  six  lamps  from  their  original  candle  power  was  01  of  a 
candle  power,  or  about  o'6  per  cent ,  and  four  of  the  lamps  did  not 
vary  more  than  about  half  this  amount.     With  rej^ard  to  the  question 
of  the  rating  of  incandescent   lamps,   I    would   rate  the   lamps  bf 
their  maximum  horizontal  candle  power  rather  than  by  their  meaa 
horizontal   candle  power.     The  reduction  factor  for  obtaining  the 
mean  spherical  candle  power  from  the  mean   horizontal  varies  with 
different  shapes  of  fiiiiment  from  about  o"8  to  0*9,  whereas  in  all  the 
lamps  I  have  tested  I  have  found  this  reduction  factor  of  the  maximum 
horizontal  candle  power  to  vary  only  from  about  o'8o5  to  o'825.    That 
is  obtained  on  about  ninety  lamps  of  many  different  makes  taken  *t 
random.     I  should  like  to  ask  this  quesUon  :   Why  should  we  not, 
when  we  arc  testing  samples  only  and  not  testing  every  lamp,  R'sttltc 
mean  spherical  candle  power  straight  away  ?     If  we  rotate  the  lamp 
with  an  electric  motor,  and  have  an  arrangement  for  lilting  it  at  the 
same  time,  we  can  get  the  mean  spherical  candle  power  in  tiveorsis 
measurements,  and  this  is  the  only  real  measure  of  the  total  light  d 
the  lamp.     Turning  now  to  the  question  of  life  tests,  1  fail  to  see  tbe 
utility  of  measuring  the  useful  life  of  a  lamp  and  saying  it  is  no 
after  it  has  gone  down  80  per  cent,  of  its  original  candle  power,  Tal 
the  average  life  curve,  1   ^nd   that   r  per  cent  of  error  in  the 
measurement  would  produce  about  10  per  cent,  of  error  in  the  appafcnl 
useful  life  of  the  lamp,  and  I  think  this  is  rather  large.     1  do  not  tlun^ 
there  are  very  many  photometrists  who  can  measure  ordinary  com* 
mercial  lamps  and  guarantee  their  measurements  nearer  than  r  per 
cent,  every  time*     I   would  much  rather  carry  out  the  life  test  for  * 
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Standard  time,  say  500  hours,  and  measure  the  candle-power  watts,  etc.,  Mr  wii" 
at  regular  iiitervais  and  take  the  average  throughout  I  he  run.  With 
regard  to  this  question  of  starting  the  test  at  the  standard  efftciency 
instead  of  the  marked  voltage,  if  the  te^t  is  carried  out  in  the  way 
I  suggest,  the  lamp  %vhich  starts  at  a  little  over  tJie  standard  effttuency 
comes  out  very  much  the  same  as  a  lamp  which  starts  a  httle  under  the 
standard  efficiericy,  provided  one  keeps  within  reasonable  limits.  It 
seems  hardly  necessary,  therefore,  to  carry  out  the  tests  on  the  standard 
efficiency  instead  of  the  marked  voltage*  lo  the  sLindard  specification, 
twenty  lamps  arc  picked  out  for  the  rating  testj  and  five  of  these  for 
Jifc  test,  :^o  that  it  ought  lo  be  a  fairly  easy  matter  to  get  out  of  those 
twenly  lamps  five  that  are  not  very  far  from  standard  efficiency. 
There  is  another  point  as  reg;irds  these  life  tests,  namely,  that  the 
^redtiction  factor  varying  from  o'H  to  0-9,  if  we  measure  the  mean 
horizontal  candle  power  and  rate  the  lamp  by  that,  it  is  not  fair  to  the 
lamp  which  has  a  reduction  factor  of  q\)  to  be  tested  on  the  same 
Wsis  as  that  which  has  a  reduction  factor  of  o'8.  As  a  matter  of  fact, 
when  one  comes  to  work  this  thing  out  one  finds  the  lamp  with  the 
filament  wound  to  give  a  reduction  factor  of  o'l)  will  have  but  50  per 
cent,  of  the  useful  hfc  of  the  other.  That  ti  to  say^  if  we  take  two 
lamps  of  exactly  the  same  quality  of  filament  but  bent  into  a  different 
shape,  the  one  having  a  reduction  factor  of  0*8  and  the  other  of  o-q,  and 
test  the  mean  spherical  candle  power^  the  useful  Hfe  comes  out  exactly 
the  same  for  both  lamps ;  but  if  the  mean  horizontal  candle  power  be 
tested,  il  will  be  found  that  the  one  has  three  times  the  life  of  the  other, 
owing  to  the  difference  in  their  true  efficiencies.  This  is  worked  out 
from  the  curve  in  Fig.  17  of  the  paper.  With  regard  to  the  calcula- 
tion of  mean  spherical  candle  power,  the  author  has  referred  to 
three  methods  of  integrating  the  candle-power  curve— the  Rousseau 
method,  that  of  Mr.  Russell,  and  one  which  he  credits  to  me,  though 
M  was  not  the  originator  of  it.  1  have  used  all  three  methods  re- 
peatedly, and  if  the  mean  spherical  candle  power  only  is  required, 
I  should  not  have  much  hesitation  in  preferring  the  Russell  method. 
But  it  frequently  happens  that  we  not  only  want  to  know  that,  but  we 
want  to  know  something  about  the  distribution  of  the  light,  and  then 
it  IS  much  more  convenient  lo  make  the  tests  at  regular  stated  intervals, 
such  as  every  15".  Mr.  Paterson  states  that  this  greatly  increases  the 
amount  of  work  to  be  done  in  carrying  out  the  test.  This  is  not  really 
the  case,  The  increase  is  not  nearly  so  great  as  one  would  at  first 
suppose.  Of  course,  if  one  takes  twenty  measurements  round  the 
circumference  of  the  lamp  to  get  the  mean  horizontal  candle  power, 
when  one  comes  to  60^  below  the  horizontal  only  half  the  accuracy  is 
required,  and  we  need  only  take  ten  measurements,  and  when  one 
comes  to  90^  from  the  horizontal  we  do  not  need  any  measurements  at 
all ;  one  generally  lakes  one  measurement,  however,  for  fortn's  sake. 

Mr.  Havdv  T.  Harrison  :  I  think  we  ought  to  be  very  grateful  for   Mr. 
this  paper,  not  only  because  it  is  exceedingly  interesting,  but  because    *^^^f '***"- 
it  is  another  step  in  the  direction  of  doing  away  with  flame  standards 
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for  general  photometric  work.  I  have  had  a  good  deal  to  do  with 
flame  standards,  and  I  do  not  want  to  have  much  more  to  do  with 
them.  In  this  paper  the  author  deals  at  length  with  the  troubles 
of  working  with  these  standards,  by  which  one  is  led  to  only  one 
conclusion,  namely,  that  they  can  only  be  used  by  an  exceptionally 
experienced  person  who  has  everything  at  his  fingers*  ends  which  is 
necessary  to  keep  them  in  the  right  condition.  In  fact,  it  comes  to 
this,  that  one  can  hardly  breathe  in  the  room,  or  the  flame  will  vary 
in  some  way  or  the  other.  I  think  Mr.  Swinburne's  paper  last  week 
gave  us  a  little  more  hope,  because  the  fact  that  a  metal  can  be  used 
for  the  filament  of  a  lamp  will  probably  result  in  a  standard  of  light 
which  can  be  defined  and  worked  to  under  ordinary  conditions.  For 
instance,  with  regard  to  tantalum,  we  know  now  that  German  chemists 
have  been  able  to  prove  that  it  is  a  ductile  metal ;  that  is  to  say,  it  is 
possible  to  draw  a  wire  of  a  given  length,  a  given  section,  and  a  given 
resistance,  which,  when  heated  in  a  vacuum  by  a  given  current,  will 
give  definite  candle  power.  Therefore  the  probability  is  that  in  a  short 
time  we  shall  be  able  to  define  a  standard  of  light  which  is  produced 
by  passing  a  given  current  through  a  specific  metal  of  a  given  length 
and  sectional  area.  If  that  is  so,  not  only  will  it  save  a  lot  of  trouble 
to  the  national  laboratories  who  have  to  do  all  this  work,  which  is  very 
trying,  but  it  will  make  it  more  international  in  every  way.  The  next 
part  of  the  paper  which  interested  me  very  much  was  Mr.  Paterson's 
reference  to  tests  by  means  of  overrunning  lamps,  commonly  called 
the  Preece  test;  that  is  to  say,  when  it  has  to  be  decided  as  to 
which  type  of  lamp  in  a  large  batch  is  the  best,  and  there  is  no 
time  to  go  through  the  ordinary  life  tests,  by  overrunning  them  for  an 
hour  at  40  per  cent,  higher  pressure  one  gets  a  criterion  of  what 
those  lamps  are  likely  to  do.  It  is  very  interesting  to  note  in  Table 
VII.  that,  whether  these  lamps  had  been  run  through  their  long-life 
test  taking  three  weeks,  or  only  a  test  of  one  hour,  the  same  con- 
clusion would  have  been  arrived  at,  namely,  that  lamp  No.  2  was  the 
best  lamp.  This  shows  that  the  test,  though  not  scientifically  accurate, 
has  a  commercial  value. 


Professor 
Ayrtonj 


Discussion  at  Meeting  of  February  7,  1907. 

Professor  W.  E.  Ayrton  :  Mr.  Paterson  has  given  us  a  very  inte- 
resting paper  from  many  points  of  view.  It  contains  a  great  number 
of  apparently  carefully  conducted  experiments,  and  the  conclusions 
are  of  importance  to  many  of  us.  One  might,  however,  feel  inclined 
to  suggest  that  a  little  more  time  might  have  been  given  by  the 
author  to  a  consideration  of  what  his  predecessors  had  done  on 
the  same  subject,  and  also  that  the  reflection  that  he  has  been  ahle 
to  bestow  on  the  results  does  not  equal  the  exertion  and  energy 
that  he  has  devoted  to  carrying  out  the  tests.  For  example,  like 
many  other  users  of  glow  lamps,  I  must  take  exception  to  a  state- 
ment which  occurs  at  the  beginning  of  the  part  headed  **  Life  Test" 
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on  page  294  :  "  Or,  in  other  words,  the  number  of  useful  candle-hours  Professor 
obtained  from  a  lamp  is  the  chief  point  about  which  information  is     ^^^^°^' 
required  when  bu)ring  lamps."    It  strikes  me  that  is  rather  like  saying 
that,  in  bu)ring  ordinary  candles,  the  time  that  they  take  to  burn  down 
to  the  candlestick  is  the  most  important  thing  to  the  purchaser,  and 
that  the  price  of  paraffin  wax,  and  whether  there  are  eight  or  twelve 
candles  to  the  lb.,  is  of  no  importance.    What  it  is  necessary  to  know 
in  estimating  the  relative  value  of  types  of  glow  lamps  is  the  useful  life, 
which  you  find  in  the  usual  way,  plus  the  amount  of  energy  that  the 
lamp  consumes  during  that  period.     It  is  quite  conceivable  that  it 
might  be  worth  the  consumer's  while  to  change  a  lamp  every  night, 
and  indeed  generally  with  glow  lamps  the  first  cost  of  the  lamps  and 
that  of  carbon  lamp  renewals  is  quite  unimportant  compared  with  the 
cost  of  the  energy.     Energy  is  the  important  thing  to  consider.     Even 
taking  a  i6-c.p.  lamp  under  present  conditions,  say,  costing  is.,  if  the 
useful  life  could  be  enlarged  from  500  hours  to   1,000  hours  there 
would  obviously  be  a  saving  of  6d. ;  but  if  by  so  doing  the  power  were 
increased  by  ^  watt  per  candle — that  is,  8  watts  for  the  lamp — then  at 
3d.  a  unit  2S.  more  would  be  spent ;  6d.  would  be  saved  and  2s.  wasted. 
It  is  an  obvious  truism  that  one  cannot  neglect  the  watts  per  candle 
taken  during  the  useful  life  ;  and  the  average  watts  cannot  be  got  by 
merely  taking  what  the  author  has  called  the  extreme  values  which 
he  gives  in  Table  III.    We  must,  as  we  all  know,  have  the  efficiency 
curves  as  well  as  the  candle-power  curves.     While  on  the  subject 
of  candles,  I  notice  that  at  the  last  meeting  Dr.  Fleming  expressed 
astonishment  that  the  comparison  of  the  amyl-acetate  standard  with 
the  pentane  standard  appeared  to  differ  to-day  from  what  it  gave  a 
few  years  ago.    That  was  a  subject  to  which  a  good  deal  of  attention 
was  devoted  in  the  discussion  on   Dr.  Fleming's  paper  four  years 
ago.    I  find  I  have  some  tests  which  I  made  myself  on  the  comparison 
between  the  amyl-acetate  standard  and  the  pentane  standard  twelve 
years  ago — 1895.     In  this  case,  however,  it  was  a  i-candle  pentane 
standard;    and  then  the  ratio  of  an  amyl-acetate    was   0*98    of    a 
Harcourt  i  candle  as  given  by  the  i -candle  pentane  standard.    I  did 
not  know  at  that  time  what  I  pointed  out  in  the  discussion  to  which 
I  have  just  referred,  that  different  Harcourt  i -candle  pentane  standards 
differed  so  much  among  one  another.     I  had  three  standards,  all 
supposed  to  give  i  candle,  and  I  compared  them,  and  found  that  you 
could  get  as  much  as  12*5  per  cent,  difference  between  them.    The 
detailed  results  are  described  on   page    202   of    volume  32  of    the 
journal  of  the   Institution.    One  would  like  to  know  in  this  com- 
parison which  is  given  by  Mr.  Paterson  on  page  285  of  his  paper, 
showing  the  difference  between  the  lo-candle  pentane  standard  and 
the  amyl-acetate  standard,  how  the  pentane  standards  at  the  various 
places  mentioned,  the  National  Physical  Laboratory,  the  Reich sanstalt, 
the  Laboratoire  Centrale,  and  the  Laboratoire    d'Essais,  had  been 
compared  with  one  another.    No  doubt  either  our  President  or  Mr. 
Paterson  will  be  able  to  tell  us  that.     Has  a  pentane  standard  been 


320  PATERSON  :  INVESTIGATIONS  ON  [Feb.  7th, 

Professor  sent  from  one  place  to  the  other  to  enable  a  comparison  to  be 
Ayrton.  made,  or  have  the  standard  lamps  been  constructed  in  the  various 
countries  according  to  certain  dimensional  drawings  which  have  been 
agreed  on  ?  In  the  case  of  the  i -candle  standard,  many  dimensions 
are  given  in  Professor  Harcourt's  patent  specification,  but  I  found  in 
the  case  I  have  referred  to  that  the  dimensions  of  the  three  lamps  did 
not  agree,  and  that  no  one  of  the  three  i -candle  standards  in  question 
had  the  dimensions  detailed  in  the  patent  specification  itself.  Another 
point  to  consider  is.  How  is  the  quality  of  the  pentane  defined  ?  We 
know  that  every  careful  motorist  takes  a  pocket  hydrometer  about  with 
him  to  determine  the  specific  gravity  of  his  petrol.  Does  a  careful 
photometerist,  or  whatever  he  may  be  called,  have  a  pocket  hydrometer 
to  determine  the  specific  gravity  of  his  pentane  ?  Also,  what  is  the 
standard  specific  gravity  ?  I  presume  that  has  been  carefully  defined. 
In  1895  the  Board  of  Trade  appointed  a  Committee  to  deal  with  the 
question  of  standards  of  light,  and  that  Committee  came  to  this  conclu- 
sion :  "  We  therefore  recommend  that  a  pentane  air  flame,  furnished 
with  a  Dibdin  argand  burner  having  the  form  and  dimensions  set  forth 
in  the  appendix,  section  9,  and  used  in  the  manner  there  deflned,  be 
accepted  as  giving  the  light  of  10  standard  candles,  and  that  this  flame 
be  authorised  and  prescribed  for  ofiicial  use  in  testing  the  illuminating 
power  of  the  gas  supplied  by  the  London  Gas  Companies."  I  thought 
it  would  be  interesting  to-day  to  compare  with  the  Harcourt  pentane 
standard  the  Dibdin  standard,  of  which  I  have  one,  and  which  was 
kindly  tested  by  Mr.  Dibdin  himself,  against  the  actual  Dibdin 
standard  examined  by  the  Board  of  Trade,  as  mentioned  in  the 
discussion  of  Dr.  Fleming's  paper  in  1903.  Mr.  Mather  has  just 
given  me  the  result  of  the  comparison  between  this  Dibdin  standard, 
which  is  a  lo-candle  standard,  and  the  Harcourt  lo-candle  standard, 
and  there  is  a  difference  of  4  per  cent  Taking  the  Harcourt  as  10,  the 
Dibdin  is  10*4.  There  is  a  difference  of  4  per  cent,  at  once  between 
what  the  Board  of  Trade  recommended  and  what  is  now  stated  as 
being  the  ofiicial  standard,  namely,  the  one  which  is  in  the  custody  of 
the  National  Physical  Laboratory.  If  those  sort  of  differences  occur, 
it  is  quite  easy  to  see  that  tests  made  at  various  times  and  in  various 
countries  of  comparing  the  amyl-acetate,  or  Hefner,  standard  with  the 
Harcourt  lo-candle  standard  will  give  different  results. 

Perhaps  the  most  striking  things  in  the  paper  are  the  curves  shown 
on  Fig.  16,  giving  the  average  of  ten  makes  of  200- volt  lamps.  We 
see  that  only  two  of  the  makers  whose  lamps  are  given  on  the  sheet 
have  succeeded  in  turning  out  lamps  which  have  a  useful  life  of  as 
much  as  500  hours.  That  is  rather  the  sort  of  experience  that  several 
of  us  have  with  the  present  200-volt  lamp.  It  is  probably  within  the 
memory  of  many  present  that,  in  March,  i90i,the  Board  of  Trade  held 
an  inquiry  to  ascertain  the  conditions  under  which  the  electric  supply 
companies  in  London  should  be  allowed  to  change  over  from  100  volts 
as  their  declared  pressure  to  200  volts.  That  inquiry  was  heW 
quite  near  here.    Several  of  us  had  tested  200-volt  lamps  in  1900-1 
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ProSmKi^  (I  amongst  others),  and  had  foiiJid  thetn  very  infertor  to  the  thai 
^™'  ioo*volt  lamps.  Sir  AJexander  Kennedy,  on  the  contrary,  representiog 
the  Westminster  Company,  showed  the  two  suts  of  curves  in  Fig.  A.^ 
giving  results  of  tests  on  four  makes  of  200-voIt  lamps. 

These  curves  for  200-volt  lamps  make  your  mouth  water  even  to^dar^ 
after  there  liavc  been  six  more  years  Jo  improve  the  manufacture  of 
200-voJt  lamps.  Look  at  the  straightness  of  the  candle-power  curves ! 
For  1,100  hours  there  is  hardJy  any  falling  off  in  candle  powers 
especially  in  tlie  case  of  the  S-cp,  lamps.  Thev  not  only  all  givt 
over  80  per  cent,  of  the  initial  candle  power  at  the  end  of  300  hotos^ 
but  the  hght  hardly  falls  at  all  even  in  i^ioo  hours* 

Taking  the  watts  per  candle,  they  are  seen  to  rise  from  3J,  Lakmg 
the  A  and  B  curves  for  example,  to  about  4  or  4*8  watts  per  candle. 
These  tests  bring  its  to  the  most  painful  conclusion  that  the  loo-voll 
lamps,  in  spite  of  all  the  standardisation,  have  gone  down  in  quaUtf. 
Of  course  I  realised  then  that  during  the  next  few  years — ^that  is«  iatbe 
interim  between  1901  and  1907 — it  was  quite  possible  that  the  200-^ 
lamp  would  become  as  good  as  the  1 00- volt  lamp  then  was.  But,  oti 
the  other  hand,  it  seemed  to  me  quite  possible  that  it  would  not— ibat 
it  would  stay  the  sort  of  defective  instrument  tiiat  Mr.  Paterson's  tcsli 
show  it  is  to*day,  So  I  laid  great  stress  on  my  experience  up  to  that 
time  in  giving  my  evidence  before  the  Board  of  Trade  Committee,  and 
1  urged  very  strongly  on  the  Londoii  County  Council^  the  t>ody  ttuit  I 
was  then  advising,  not  to  consent  to  any  change  toeing  allowed  which 
did  not  take  into  account  the  possible  continued  inferiority  of  the  300- 
volt  lamp  compared  with  the  100  volt,  and  the  loss  to  the  householder 
that  the  use  of  the  200  volt  might  bring  on  him.  quite  apart  from  tbc 
cost  of  putting  in  new  switches,  new  ceiling  roses,  and  new  fuses*  h 
consultation  with  counsel  I  drafted  a  clause  which  all  the  electric  supply 
companies  that  were  represented  at  the  conference  agreed  to,  and 
which  was  embodied  in  the  Board  of  Trade  new  Electric  Light  Regu- 
lations of  that  datCf  the  most  salient  part  of  which  is  the  following  :— 

Electric  Lighting  Regulation's, 

The  Board  of  Trade,  after  consideration  of  the  rcpresentaliotis 
made  at  the  recent  inquiry  held  ut  the  Westminster  Town  Hall  vdih 
respect  to  the  regulations  made  by  them  under  the  Electric  LiglitutiJ 
Acts  for  insuring  a  proper  and  sufficient  supply  of  electrical  cnt-r. 
have  decided  to  make  further  regulations  in  the  following  fori!], 
amending  those  previously  made  : — 

**  But  where  the  consumer  withholds  his  consent  after  the  undef- 
takers  have  offered  to  comply  with  the  general  terms  and  conditions 
imposed  by  the  Board  of  Trade  (County  Council^  local  anttiority).  and 
if  not  required  to  do  so  under  those  terms  and  conditions,  also  to  pay 
the  reasonable  cost  of  or  incidental  to  the  change  (including  coinpCD* 
sation  for  any  loss  or  damage  incurred  in  consequence  of  the  changed 
the  undertakers  may  appeal  to  the  Board  of  Trade,  and  that  Beard 
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may,  if  they  think  fit,  give  their  consent  to  the  change  on  such  terms  Professor 
and  conditions  as  they  impose,  and  the  consent  of  the  Board  so  given     ^  **°" 
shall  for  the  purpose  of  this  regulation  have  the  same  e£Eect  as  the 
consent  of  the  consumer." 

Made  by  the  Board  of  Trade  this        day  of        , 

Assistant  Secretary,  Board  of  Trade. 

Take  the  second  paragraph  only  :  "  Where  the  consumer  withholds 
his  consent  after  the  undertakers  have  offered  to  comply  with  the 
general  terms  and  conditions  imposed  by  the  Board  of  Trade,  and 
if  not  required  to  do  so  under  those  terms  and  conditions,  also  to  pay 
the  reasonable  cost  of  or  incidental  to  the  change."  I  laid  great  stress 
on  putting  in  the  words  "  or  incidental  to  the  change,  including  com- 
pensation for  any  loss  or  damage  incurred  in  consequence  of  the 
change."  That  was  published  in  a  number  of  newspapers  at  the  time, 
and  it  became  a  Board  of  Trade  regulation ;  but  the  public  did  not 
realise  what  vested  interests  that  gave  them,  and  they  allowed  it  to 
glide  away,  Esau-like  accepting  a  mess  of  pottage  for  their  electric 
birthright-  Remember,  ''incidental  to  the  change"  means  that  if 
your  20o-volt  glow  lamp  takes  more  energy  per  candle-hour  than  a 
loo-volt,  then  the  electric  light  company  which  has  required  you  to 
change  over  to  the  200  volts  pressure  has  to  reimburse  you  for  your 
loss.  That  was  made  quite  clear  at  the  time  ;  I  am  not  reading  it  in 
now,  because  it  clearly  says,  "  Also  to  pay  the  reasonable  cost  of  or 
incidental  to  the  change,  including  compensation  for  any  loss  or  damage 
incurred  in  consequence  of  the  change." 

In  the  following  year  I  moved  into  a  house  which  had  not  been 
previously  electrically  lighted.  Luckily  it  was  in  a  neighbourhood 
where  the  Metropolitan  Electric  Supply  Company  was  supplying  current 
on  the  3-wire  system,  with  200  volts  between  the  outers  and  100  between 
either  outer  and  the  middle.  They  asked  me  which  I  would  have, 
100  or  200,  and  I  replied  "  Both."  So  they  gave  me  both.  Hence  it  is 
no  disadvantage  to  me  to-day  that  I  can  only  easily  get  metallic  filament 
lamps  taking  200  volts,  and  I  can  get  all  the  advantage  that  is  obtain- 
able from  the  loo-volt  lamp  still  remaining  a  better  article  than  the 
200-volt  lamp.  A  point  which  was  raised  in  the  discussion  on  Mr. 
Swinburne's  paper  was  improvements  in  the  filaments  of  lamps  other 
than  metallic  filaments,  and  he  advocated  the  use  of  carbide  of  silicon. 
t)r.  Marker,  I  understand,  showed  an  experiment  tending  to  prove 
that  carbide  of  silicon  would  fuse  too  easily  to  make  a  successful  fila- 
ment for  a  glow  lamp,  because  the  silica  was  turned  into  vapour  in  an 
arc.  But,  as  a  matter  of  fact,  carbide  of  silicon  lamps  have  been  made 
in  large  numbers,  and  with  extremely  good  results  ;  in  fact,  Dr. 
Harker's  argument  appears  to  me  to  be  fallacious.  We  have  carbide 
^  silicon,  commercially  called  carborundum — it  is  quite  a  common 
thing— made  at  the  Niagara  Falls  Carborundum  Works,  with  the 
arcs  there  each  of  1,000  H.P.,  and  because  Dr.  Harker's  specimen 
would  fuse  in  an  arc,  that  is  no  reason  why  one  should  not  make 
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a  filament  out  of  carborundum  to  glow  at  a  much  lower  temperature 
than  that  of  the  electric  arc. 

I  have  placed  on  the  accompanying  diagram  (Fig.  B.)  some  results 
which  I  obtained  in  1896,  eleven  years  ago.  The  dotted  line  repre- 
sents the  candle  power  and  the  continuous  line  the  watts  per  candle.  If 
you  take  the  second  one  you  will  see  that  the  watts  remain  under  3 
the  whole  time,  and  that  the  candle  power  remains  practically  constant 
I  had  a  number  of  those  lamps  sent  to  me  from  Germany  to  test,  and 
being  rather  sceptical  that  picked  lamps  were  being  submitted,  I 
made  a  condition  that  no  report,  not  even  for  private  circulation,  sbouM 
be  printed  until  the  following  conditions  were  carried  out,  namely, 
that  a  private  assistant  in  whom  I  had  absolute  confidence  should 
spend  some  weeks  in  Berlin  studying  the  method  of  manufacture  under 
Mr.  Langhans'  supervision,  bring  back  to  London  all  the  filaments  that 
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Fig.  B. — Tests  of  Lamps  containing  Silicon  Carbide  Filaments,  1896. 


he  had  constructed  and  flashed,  mount  them,  and  have  the  bulbs  blown 
round  them  and  exhausted  there  under  my  supervision,  and  that  00 
lamp  should  be  discarded  from  the  tests — I  mean  that  we  should 
not  merely  record  the  results  of  the  best  of  the  lamps,  but  of  the 
whole  of  them.  Of  course  I  have  not  drawn  all  the  curves  on  the 
diagram  hung  up  on  the  wall,  but  the  curves  give  an  idea  of  the  sort  of 
results  that  we  obtained.  They  were  tested  on  the  mains  of  a  certain 
direct-current  supply  company  in  London,  and  the  pressure  varied  at 
times,  as  shown  by  the  recording  voltmeter,  by  as  much  as  10  per  cent, 
above  the  declared  value,  and  therefore  10  per  cent,  above  what  the 
filaments  had  been  made  for.  A  company  was  formed,  called  the  Premier 
Lamp  Company,  with  a  factory  near  Liverpool.  That  this  was  really  a 
compound  of  carbon  and  silicon  was  proved  by  Dr.  Moody,  the  chief 
assistant  of  the  Chemical  Department  of  our  College,  who  analysed 
the  broken  filaments  at  the  end  of  the  trial,  and  found  that  the 
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composition  was  as  stated.  Later  on,  in  1900,  Dr.  Moody  himself  ProfeMor 
brought  me  some  other  carbide  of  silicon  filament  lamps,  and  they  ^3^^- 
were  even  better.  Some  of  them  gave  a  candle  for  1*13  watts,  which 
is  as  good  as  has  been  obtained  with  any  metallic  filament  lamp. 
What  is  the  objection  to  those  lamps?  I  have  been  going  into  that 
question  very  fully  during  the  last  few  days,  and  as  far  as  I  can  find 
out  the  main  objection  is  that  there  is  a  certain  amount  of  difficulty  in 
hu-ning  them  out  in  large  numbers  of  exactly  the  same  quality. 
Filaments  as  good  as  are  recorded  on  that  diagram  can  be  obtained, 
but  one  then  gets  a  batch  of  filaments  which  are  not  nearly  as  good.  In 
addition  to  that,  in  spite  of  what  I  said  about  the  overrunning  by  10  per 
cent.,  they  found  in  Liverpool  that  the  filaments  were  not  so  good  as 
ordinary  filaments  in  connection  with  overrunning,  so  that  they  have 
not  made  the  success  that  was  expected.  Experiments,  however,  I  am  * 
told,  are  still  being  carried  on  with  this  method  of  making  filaments, 
and  therefore  I  hope  that  Mr.  Swinburne's  expectations  will  be  realised, 
and  that  we  shall  later  on  have  carbide  of  silicon  filaments  which 
will  be  quite  as  good,  even  better  perhaps,  than  metallic  filament 
lamps. 

The  President  :  Before  I  call  on  the  next  speaker  perhaps  1  may  The 
answer  one  question  which  Professor  Ayrton  has  put.  The  funda-  ^**^'***°'- 
mental  standard  to  which  pentane  lamps  are  referred  is  the  standard  of 
the  Gas  Referees.  The  lamp  used  at  the  National  Physical  Laboratory 
has  been  repeatedly  compared  with  that  standard.  At  the  Reichsanstalt 
they  have  two  lamps,  one  of  which  was  compared  with  the  standard  of 
the  Gas  Referees,  and  the  other  agrees  with  it  very  closely.  I  under- 
^tand  also  that  one  at  least  of  the  French  lamps  was  compared  with  the 
same  standard,  though  of  this  I  am  not  quite  certain. 

Mr.   A.    P.  Trotter  :  The  old  "  Parliamentary  candle "   was  an   Mr.  Trotter, 
official  standard,  and  if  it  was  a  legal  one,  it  was  in  a  very  limited 
sense,  for  it  was  only  authorised  for  te>ting  London  gas.    Similarly, 
the  Carcel  lamp  produced  in  1800  was  adopted  by  Dumas  and  Regnault 
for  gas  testing ;  its  value  was  about  9^  c.p. 

The  German  Association  of  Gas  and  Water  Industries  adopted  a 
paraffin  candle,  the  Vereinskerze,  in  1868.  Other  standards  are  men- 
tioned in  Dr.  Fleming's  paper,  and  detailed  information  about  them 
is  to  be  found  in  Palaz's  well-known  book.  By  way  of  using  a  lump  of 
chalk  to  measure  chalk,  Methven,  in  1878,  introduced  his  excellent 
system  of  screening  the  flame  of  a  Sugg's  argand  gas-burner  and  a 
carburetter,  and  the  combination  was  called  a  "standard."  In  the 
previous  year  Vernon  Harcourt  described  his  pentane  burner  before 
the  British  Association,  and  again  in  1883  and  1885.  At  this  time 
Woodhouse  and  Rawson  made  a  i -candle  and  a  2-candle  pattern. 
Finally  a  lo-candle  pattern  became  the  official  standard  for  London 
gas  testing,  and  replaced  the  Parliamentary  candle. 

The  subject  of  a  standard  of  light  was  discussed  at  the  International 
Congress  at  Paris  at  1881,  and  several  French  savants  upheld  the 
virtues  of  the  Carcel  lamp.    At  this  Congress,  the  Violle  standard, 
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Mr.  Trotter,  consisting  of  onc  square  centimetre  of  platinum  at  the  temperature  of 
solidification,  was  proposed,  and  at  the  International  Commission  at 
Paris  in  1883  it  was  virtually  adopted,  although  the  practical  difficulties 
were  so  great  that  it  never  came  into  use.  Draper  had  suggested 
the  possibility  of  using  an  incandescent  platinum  wire  in  1844, 
and  Zoellner,  Schwendler,  Werner  von  Siemens,  Liebenthal,  and 
Petavel  spent  fruitless  labour  on  the  problem.  Physical  researches 
ending  in  negative  results  are  well  known,  but  I  cannot  recall  any 
investigation  on  which  so  much  time,  expense,  and  good  work  has 
been  spent  with  so  little  result.  Not  even  a  by-product  of  a  new 
hypothesis  or  an  improved  photometer. 

The  Hefner  lamp  was  introduced  in  1884,  and  was  soon  recognised 
as  an  apparatus  of  great  value.    It  is  not  only  an  official  standard,  hot 
•    the  legal  standard  in  Germany. 

In  1896  an  unofficial  International  Congress  at  Geneva  settled 
various  photometric  units  or  measures,  and  symbols  for  them.  These 
are  clearly  explained  in  Carl  Hering's  valuable  Ready  Reference 
Tables.  The  Violle  standard  was  never  determined  accurately,  but  it 
was  about  20  c.p.  The  Geneva  Congress  adopted  the  bougie  decimal 
as  one-twentieth  of  the  Violle,  and  thus  the  unit  which  the  old  Parlia- 
mentary candle  tried  to  represent  reappeared.  The  second  Inter- 
national Electrical  Congress  in  Paris  in  1889  adopted  the  bcugii 
decimal,  and  defined  it  as  one-twentieth  of  the  Violle. 

At  the  Chicago  Congress  of  1893  a  unit  of  light  was  discussed,  and 
the  Hefner  unit  was  strongly  recommended.  It  was  not  definitely 
adopted,  but  it  was  accepted  tentatively  by  the  American  Bureau  (rf 
Standards  and  by  the  American  Institute  of  Electrical  Engineers. 

In  the  discussion  upon  a  paper  which  I  read  before  the  Institution 
of  Electrical  Engineers  in  1892,  Mr.  Swinburne  suggested*  that  a 
screen  with  a  pin-hole  of  known  dimensions  should  be  placed  in  front 
of  an  arc,  and  he  thought  that  a  standard  quantity  of  light  would  pass 
through  the  hole.  Professor  S.  P.  Thompson  communicated  in  writing 
to  the  meeting  the  same  suggestion,!  and  proposed  that  the  unit  of 
light  should  be  the  light  emitted  by  a  square  millimetre  of  crater. 
Professor  S.  P.  Thompson  read  a  paper  at  the  Chicago  Congress  on 
"  The  Swinburne-Thompson  Unit  of  Light,"  and  it  is  probable  that  the 
possibility  of  realising  this  unit  in  the  near  future  prevented  the 
adoption  of  the  Hefner  standard  by  the  Chicago  Congress. 

Illumination  photometry  had  been  a  hobby  of  mine  for  some  years, 
and  I  undertook  to  investigate  the  Swinburne-Thompson  unit,  and 
began  experiments  on  ordinary  photometry.  I  was  soon  led  away 
from  the  original  subject  by  a  phenomenon  on  which  I  read  a  paper 
before  the  Royal  Society  in  June,  1894.  I  found  that,  when  an  arc  is 
apparently  steady  and  quiet,  there  is  generally,  if  not  always,  a 
rotation  of  a  bright  patch.  The  experiments  were  extremely  inter- 
esting,! but  had  the  result  of  knocking  this  unit  of  light  on  the  head. 

•  Journal  Institution  of  Electrical  Engineers,  vol.  21,  ,1892,  p.  384.  f  lUd. 

X  Professor  S.  P.  Thompson,  Journal  of  the  Society  ofArtSt  vol.  43,  1895,  pp.  973-^. 
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In  November,  1893,  a  special  committee  of  the  American  Institute  Mr.  Trotter, 
of  Electrical  Engineers  was  appointed  to  take  up  the  determination  of 
a  practical  unit  of  illumination,'^'  but  they  apparently  did  nothing  more 
than  provisionally  adopt  the  Hefner  lamp. 

Mr.  Paterson  shows  that  corrections  for  humidity,  for  proportion  of 
oxygen  to  nitrogen,  and  for  barometric  pressure  are  less  for  the  Hefner 
lamp  than  for  the  pentane.  He  gives  only  two  advantages  for  the 
pentane  lamp,  viz.,  that  the  colour  is  whiter  and  that  the  candle  power 
is  larger.  He  alludes  also  to  the  greater  ease  of  adjustment.  It  is 
quite  possible  that  if  the  screened  or  Methvenised  arc  unit  of  light  had 
been  realised,  people  would  be  found  to  complain  that  it  was  too  white. 

A  Clark  cell  is  not  much  good  for  electric  bells  or  Wheatstone 
bridges.  A  fitter  uses  a  steel  rule,  a  carpenter  a  wooden  one,  a  con- 
sulting engineer  an  ivory  one,  a  tailor  a  tape  ;  a  draughtsman  measures 
paper  drawings  with  a  printed  paper  scale,  and  pretends  that  he  does 
so  because  it  expands  and  contracts  with  the  drawing.  Nobody  but 
Major  MacMahon  at  the  Standards  Office  uses  a  platinum-iridium  bar 
with  microscopic  lines  engraved  on  sunk  gold  plugs.  It  should  be 
remembered  that  the  ultimate  legal  standard  is  not  necessarily  a 
useful,  every-day,  practical  man's  instrument. 

A  flame  lamp,  particularly  one  which  uses  vapour  as  fuel,  is 
excellent  for  testing  gas.  All  the  corrections  (I  understand)  cancel 
out,  and  may  be  neglected.  As  a  secondary  standard,  for  electrical 
purposes,  nothing  has  been  proposed  which  is  better  than  Dr. 
Fleming's  glow  lamps.  It  is  necessary  that  these  should  be  compared 
in  a  suitable  laboratory  with  a  primary  standard.  In  such  a  laboratory 
the  trifling  advantages  of  a  pentane  lamp  do  not  appear  to  warrant  the 
setting  up  in  this  country  of  a  standard  which  differs  so  materially  from 
the  legal  standard  of  Germany  and  the  recognised  standard  of  the 
United  States,  and  one  which  is  so  widely  used  among  scientific  men 
of  all  countries. 

The  Hefner  lamp  is  also  well  adapted  for  ordinary  commercial 
laboratory  use.  Like  a  Clark  cell,  it  must  be  treated  with  some  regard 
for  its  peculiarities.  It  is  inexpensive  and  small,  and  compares  very 
favourably  with  the  Fleming  lamps,  which  need  a  potentiometer  and  a 
large  set  of  accumulators,  and  other  expensive  apparatus. 

My  own  work  has  been  confined  to  experimenting  with  illumination 
photometers,  including  in  that  an  investigation  of  Lambert's  law. 
I  needed  a  good  standard  for  one  evening  only,  and  rarely  applied 
barometrical  and  wet  and  dry  bulb  thermometer  corrections.  For 
oat-door  illumination  work  a  precision  greater  than  2  per  cent,  would 
have  been  wasted,  and  the  screened-arc  "  unit "  of  light  varied  at  least 
10  per  cent.  I  do  not  claim  to  have  carried  out  any  photometric  work 
to  fractions  of  i  per  cent,  but  I  strongly  advocate  that  if  a  standard 
of  light  is  to  be  adopted,  it  should  be  the  Hefner  lamp,  and  that  the 
pentane  lamp  should  be  left  to  its  useful  province  in  the  skilled  hands 
of  the  Metropolitan  Gas  Referees. 

•  Ekctrician,  voL  33,  1893,  p.  133. 
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Mr,  W,  R,  Cooper  :  There  arc  a  few  points  that  I  should  like  to 
raisie  on  this  very  interesting  paper*  The  author  has  ^ven  a  tabic 
showing  the  effect  of  carbon  dioxide  upon  the  pentane  standard,  and 
in  obtaining  his  results  he  has  assumed  that  any  variation  of  oicygen  m 
the  atmosphere  may  be  neglected.  This^  however*  seems  doubtful  if 
we  take  Liebcnthars  result,  showing  that  a  change  of  i  part  of  carbon 
dioxide  in  i,ooo  parts  of  air  makes  a  difference  of  07  per  cent*  in  tbe 
light,  and  his  calculation  that  an  equal  cliange  of  oxygen  of  i  part  in 
1,000  causes  a  change  of  0*4  per  cent*  in  the  light.  The  effect  of  a 
change  in  the  oxygen  is  of  the  same  order  of  magnitude  as  I  he  effect 
of  a  change  in  the  carbon  dioxide.  Consequently  it  would  seem  that 
a  change  in  the  oxygen  cannot  be  neglected.  It  may,  of  course,  happen 
that  the  two  changes  arc  generally  so  far  dependent  upon  each  other 
that  the  combined  effect  may  be  expressed  as  due  to  a  change  in  thf 
carbon  dioxide  alone.  But  whether  this  h  so  or  not  is  not  clear  from 
the  paper.  I  should  also  like  to  ask  how  the  change  in  carbon  dioxide 
was  produced,  and  how  a  fair  sample  of  the  effective  part  of  the 
atmoijphcre  was  ensured.  The  results  in  Table  L  do  not  look  con* 
si  stent,  for  although  the  effect  with  time  is  large  to  begin  with,  il 
becomes  much  smaller  later  on.  I  presume  that  this  is  due  to  diffusion. 
I  imagine  that  the  effect  of  quality  of  atmosphere  can  be  divided  iutu 
two  parts  in  the  case  of  the  pentane  standard,  namely  (i)  the  effect  of 
the  air  which  mixes  with  the  pentane  to  supply  the  burning  mixturep 
and  (2)  the  effect  of  the  air  on  the  flame  as  the  atmosphere  in  which  ii 
burns,  1  should  like  to  know  whether  these  effects  have  been  separated. 
As  regards  the  first,  there  ought  to  be  no  great  difficulty  in  supplying 
air  of  constant  quality  to  the  pentane.  The  method  of  ventilation  as  1 
whole  which  the  author  has  adopted  seems  primitive. 

With  regard  to  life  tests,  the  accuracy  arrived  at  seems  rather  hij^b 
as  compared  with  working  conditions  when  it  is  remembered  tlr*t, 
according  to  the  author  s  state mentj  o'2  per  cent*  increase  iu  the 
pressure  makes  a  difference  of  1  per  cent,  in  the  life.  Owing  to  the 
variation  of  pressure  allow^ed  by  the  Board  of  Trade,  the  efficiency  iit 
which  lamps  may  be  run  on  ordinary  networks  may  vary  by,  s^y. 
15  per  cent.  As  to  the  method  of  test,  this  involves  running  the  lamp 
at  a  nominal  efficiency.  It  is  therefore  a  test  of  the  filament  rather 
than  of  the  lamp  from  the  consumer's  point  of  view.  Although  a  test 
at  the  nominal  pressure  instead  of  at  the  nominal  efficiency  introduce* 
diflBcuUieSi  I  think  it  is  a  pity  that  a  method  of  testing  at  the  nominal 
pressure  cannot  be  introduced,  so  as  to  have  the  tests  rather  more  under 
the  conditions  of  actual  use. 

Mr.  C.  Le  Maistrk  :  I  think  Mr.  Paterson's  paper  might  well  scnT 
as  a  model  on  which  the  results  of  lamp  tests  should  be  presented. 

Fig.  13  shows  the  utter  inefficiency  of  the  high- voltage  lamp.  On 
the  other  hand,  I  venture  to  think,  the  paper  generally  shows  ihfi 
efficiency  of  the  lamp4esting  department  of  the  National  Phystca' 
Laboratory,  which  augurs  well  for  the  industry  in  view  of  the  position 
which   we  all  hope  that  department  will   shortly  hold.     Users  and 


dni 


1907,1    LIGHT  STANDARDS  AND  GLOW  LAMPS:  DTSCUSSION.     329 

makers  are  agreed  that  it  is  a  very  essenHal  matter  for   the  whole  Mr, 
industry  thit  there  shoulcl  he  only  one  Standard »  and  not  numerou^i  '"*  "^" 

standards  all  over  the  kingdom.  Professor  Ayrtou  mentioned  that  in 
Fi|Lj.  13  thi^re  were  only  two  batches  of  lamps  which  had  a  useful  life  of 
aboat  500  hours,  Three,  however,  appear  to  have  a  useful  tifc  of  about 
that  figure.  It  is  the  opinion  of  a  great  many  that  the  users  generally 
will  not  insist  on  tests  being  carried  out,  I  venture  to  suggest*  therefore, 
thai  if  we  could  have  periodical  target  diagrams  and  hie  tests  published 
in  the  Press,  it  would  be  of'  the  very  greatest  assistance.  In  that  way 
one  would  see  what  the  lamp  m^iker  wa?^.  doing,  and  it  would  be  an 
incentive  to  the  lamp  maker  himself  to  improve  hij*  lamps^  because  no 
doubt  he  could  obtain  information  privately  as  to  Ihe  performance  of 
his  ow*n  particular  lamp.  Que  speaker  referred  to  the  grading  of 
voltages  as  if  that  w^ere  the  panacea  for  all  the  ills  of  the  makers.  He 
compared  American  with  English  practice,  rather^  it  would  appear,  in 
the  hope  that  English  practice  might  be  brought  into  conforniity  with 
American  practice*  But  as  Americans  sell  iighi,  and  we  only  sell 
rurrcntt  it  w*ould  seem  that,  until  the  laws  are  altered,  that  is  a  practical 
imposMbihty.  Pressure  regulation,  on  the  other  hand^  mav  do  a  great 
deal  to  help  the  maker  as  well  as  the  user,  and  more  attention  should 
be  directed  to  this  subject*  In  a  paper  read  by  3^1  r.  Alex  Dow  at  the 
International  Electrical  Congress  held  at  St.  Louis  in  1904,  the  author 
mentioned  that  the  pressure  regulation  was  generally  maintained 
within  plus  or  minus  3  per  cent.  I  should  like  to  direct  the  attention  of 
all  station  engineers  to  that  paper^  especially  paragraph  34*  which 
appears  on  page  62a  of  the  second  volume  of  the  Trartsacfions  of  the 
Congress.  We  tiave  had  lately  some  interesting  papers  from  users  of 
lamps;  cannot  we  persuade  some  of  our  friends  the  lamp  makers  to 
come  forward  with  a  paper  from  their  side  of  the  question?  They 
know  the  ins  and  outs  far  better  than  the  user  does,  and  they  themselves 
tell  us  that  there  are  very  few  secrets  now  from  the  lamp  manufacturer's 
point  of  view.  A  paper  from  such  a  source  would  make  a  valuable 
addition  to  the  Proc^'dittg^  of  the  Institution. 

Mr.  C,  WiLSOX  :  I  am  afraid  my  experience  may  not  perhaps  Mr,  Wilson, 
tend  in  the  way  Mr.  Le  Maistre  has  just  desired  that  it  should.  There 
is  just  one  thing  I  should  like  to  say  before  we  pass  away  from  the 
question  of  the  flame  standards.  We,  as  practical  lamp  manufac- 
turers, are  perfectly  content  to  leave  the  professors  of  the  laboratories 
to  fight  among  themselves  about  the  Ha  me  standards.  We,  as  manu- 
facturers, have  to  come  down  to  the  hard  commercial  conditions  which 
exist  to-day.  For  that  purpose  I  will  proceed  straight  away  to  pages 
291  and  292  of  the  paper,  where  the  questions  of  commercial  testing 
and  initial  rating  are  referred  to.  I  think  most  of  the  controversy 
on  the  paper  should  rage  round  these  points.  We  continually  hear 
it  said  that  lamp  makers  should  supervise  their  manufactures  more 
closelVi  and  grade  their  lamps  better.  1 1  seems  strange  tome  that  tt 
has  never  -itruck  the  people  who  are  constantly  raising  this  point  that 
they  are  begtnnaig  at  the  wrong  end  of  the  wire.    Why  do  not  they 
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IMrWikofl.  begin  at  the  other  end  of  the  wire  and  start  supervising  the  voltJgiir 
It  is  atl  very  well  for  frentlcmeii  to  order  200* volt  Jamps  to  a  spocifica- 
tion*  and  test  them  on  an  actual  200- volt  circuit.  But  a  lamp  maker 
to-day,  if  he  has  200- volt  lamps  ordered  by  a  consume  1%  and  if  he  knows 
his  business*  will  find  out  the  conditions  of  the  circuit  used  by  the  coO' 
sumer,  and  in  nine  cases  out  of  ten  he  will  supply  lamps  suitable  bo 
that  circuit,  stampt^d  for  the  nominal  vollage  in  order  to  satisfy  the 
consumer  I  have  placed  six  actual  curves  on  the  wall  taken  with 
recording  voltmeters,  I  would  like  you  to  examine  those  curves  vay 
particularly.  The  top  curve,  for  instance^  is  a  nominal  200-vdU 
circuit,  and  for  at  least  six  or  seven  hours  in  the  day — and  they  are 
the  lighting  hours— that  circuit  is  running  at  anything  tKjtween  217  aad 
230  volts.  What  is  the  lamp  maker  going  to  do  if  he  follows  out  the 
theoretical  idea  and  supplies  an  actual  200- volt  lamp  when  he  gels  on  to 
a  circuit  like  that  ?  Who  will  be  blamed — the  man  at  the  engine  end  of 
the  wire,  or  the  man  who  stamps  the  name  on  the  lamp  ?  The  Utter, 
because  the  consimier  thinks  he  is  to  blame.  Then  take  the  bottom 
curve,  which  represents  a  nominal  2oo-volt  circuit.  It  will  be  noticed 
that  for  the  major  part  of  the  time  it  is  iq6.  Supposing  we  supply  aa 
actual  200-volt  lamp  for  that  circuit,  this  is  the  sort  of  thing  we  heu, 
*'  So-and-so's  lamps  give  no  light/'  We  send  down  to  the  engineer 
and  complain,  and  then  he  runs  up  the  voltage,  and  what  do  we  gel 
then  ?  That  is  a  fact  which  I  think  should  be  brought  more  promi- 
nently forward  In  connection  with  all  these  discussions,  which  we 
welcome,  concerning  present-day  lamps,  Mr  Pater  son  goes  oii  do 
say  that  the  manufacturers  miss  the  incentive  to  grade  their  lamps 
properly.  Coming  from  Mr.  Paterson  we  accept  that  statcmeDt»  hut 
as  a  manufacturer  I  have  my  own  private  views.  We  have  to  make 
lamps  for  the  commercial  circuits  as  they  are  given  to  us,  and  not  for 
the  theoretical  circuits  that  are  put  down  by  the  testing  laboratories* 
There  is  no  getting  away  from  that  fact.  The  obvious  remedy  for  that 
condition  of  things  is  to  grade  the  voltages.  If  you  cannot  grade  your 
central  stations  and  help  the  manufacturers,  and  at  the  same  time  help 
yourselves,  then  you  must  grade  your  circuits.  1  know  of  two  or  three 
instances  in  England  to-day  where  the  central  station  engineer  bm 
taken  the  trouble  to  go  round  to  his  districts  and  study  the  questioiii 
and  at  the  present  time  we  arc  receiving  orders  from  such  geutkmeci 
for  236,  228,  230,  23 J  and  234  volt  lamps.  The  engineer  knows  his 
average  voltage  in  a  particular  district,  and  he  takes  good  ca.re  that 
the  consumer  does  not  get  lamps  marked  for  the  nominal  circuit,  but 
tamps  marked  for  the  actual  voltage  which  exists  in  the  district.  It  1^ 
trouble  to  the  central  station  engineer,  but  it  is  a  thing  which  hai^ 
occurred  in  America  and  been  overcome,  and  1  hope  sooner  or  later 
it  will  be  overcome  in  England,  Coming  to  the  question  of  the  Hv 
American  curves  shown,  these  are  two  very  splendid  curves,  I  vcntare 
to  say  that  any  Eughsh  lamp  manufacturer  who  was  applied  to  would 
produce  you  a  batch  of  lamps,  not  of  175,  but  of  17,000,  which  would 
give  just  as  good  a  curve  as  these.     I  do  not  think  that  is  any 
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thnn  the  English  lamps  which  are  on  the  English  market,  and  wc  have 
to  work  under  very  different  conditions.  The  author  states,  on  page 
294,  that  it  is  almost  impossible  accurately  to  predict  the  voltage  of  a 
Laaip.  That  is  an  absolute  fact — we  will  not  deny  it.  How  arc  we 
goifig  to  g€i  over  that  ?  We  had  a  curve  thrown  on  the  screen  last 
week,  made  by  Sir  William  Preccc,  giving  the  actual  nominal  voltages 
of  the  circuits  in  England  ;  and  it  will  be  noticed  they  all  centre 
around  200  or  220  volts ;  there  is  nothing  in  between.  If  the  lamp 
manufacturer  cannot  make  lamps  to  come  out  at  a  certain  dei^nite 
voltage^  what  is  he  going  to  do  with  the  outfalls  f  I  have  written  to 
America  in  connection  with  this  subject,  but  I  am  sorry  to  say  1  have 
not  yet  received  a  reply*  I  had  hoped  to  put  on  the  screen  a  corre- 
sponding curve  of  the  American  voltages  as  compared  with  English, 
What  do  we  find  out  there  ?  I  had  a  visit,  some  three  weeks  ago, 
from  the  manager  of  one  of  the  largest  carbon  lamp  manufacturing 
companies  in  the  United  States,  and  he  told  me  it  was  an  absolute  fact 
that,  as  Mr,  Le  Maistre  said,  they  have  formed  themselves  into  a  body 
of  light  suppliers.  The  central  station  engineers  and  the  manufac- 
turers act  together,  and  they  grade  their  voltages  in  order  to  assist  one 
another.  Do  we  find  such  a  thing  in  existence  here  ?  I  believe  Mr. 
G^ster  has  tried  for  some  considerable  time  to  turn  the  manufacturers 
and  central  station  engineers  into  suppliers  of  light,  and  that  is  what 
we  have  to  be  if  we  intend  to  be  successful.  No,  we  have  not  reached 
that  state  of  affairs  yet.  The  engineers  blame  the  lamp  makers,  and 
the  lamp  makers  blame  tbe  engineers,  but  the  poor  maker  must 
keep  his  views  in  his  pockets,  and  do  the  best  he  can  under  existing 
circumstances,  and  the  lamps  are  therefore  not  graded  as  well  as 
we  know  they  should  be.  To  take  four  lamps,  or  even  ten  lamps, 
out  of  a  batch  of  the  millions  of  lamps  on  the  open  market  and 
oiaice  a  lest  on  them  is  obviousiy  unfair  to  the  lamp  makers.  We 
know  most  of  the  districts  and  the  conditions  under  which  they  are 
rttn>  and,  as  we  know  our  business,  when  we  get  an  order  from  such  a 
district  we  entirely  disregard  the  nominal  voltage.  We  take  the  district 
and  we  supply  lamps  accordingly.  If  we  know  a  man  overruns,  he 
gets  that  class  of  lamp,  For  instance,  in  one  of  these  cases,  if  a  test 
of  the  lamps  on  the  nominal  voltage  will  give  12  c.p.,  on  a  220-volt 
circuit  they  will  give  16,  ly,  mr  18  c.p.  Mr.  Paterson  also  speaks 
about  the  waste  of  money  which  is  going  on  and  the  necessity  for 
accurate  photometry*  AH  this  money  is  undoubtedly  being  wasted, 
a£id  wilt  continue  to  be  wasted  until  we  form  ourselves  more  into 
a  body  of  illuminating  engineers,  and  act  as  the  gas  people  do.  Do 
the  gas  people  ever  bring  up  a  faulty  gas  mantle  and  give  us 
particulars  with  regard  to  it,  saying  that  it  gives  a  bad  light,  and 
exposing  all  their  faults  to  competitors  ?  Of  course  not ;  but  we  are 
doing  just  that  kind  of  thing.  Electric  light  engineers  are  simply 
exposing  the  faults  of  the  industry  to  the  merriment  and  profit 
oi  our  friends  in  the  gas  world,  and  the  latter  are  scoring  all  along 
tht  line.    Why  cannot  we  meet  together  and  see  if  we  cannot  alter 
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the  present  condition  of  things,  instead  of  publishing  idl  our  faulis  to  the 
world  ?  I  say  it  is  the  fault  of  the  central  station  engineers.  There  Is 
just  one  oilier  point  to  which  I  should  like  to  refer  with  regard  to  this 
curve.  Supposing  one  has  nominal  200-volt  lamps,  and  the  voltage 
is  2iOt  which  is  a  very  fair  average  for  a  200-volt  station  to  niii 
at;  if  the  aoo-volt  lamp  is  run  on  the  2iovolt  circuit,  what  is  the 
result  ?  The  actual  watts  increase  with  that  lamp  is  127  per  cent, 
and  the  increase  in  the  cost  of  the  lamp  Is  to'6  per  cent,,  a  total 
increase  to  the  consumer  of  25'i  per  cent.  That  is  whj*  one  hears 
complaints  when  the  bill  is  sent  in  to  the  consumer,  and  people  .say 
that  the  64- watt  lamps  take  70  watts.  With  good  English  lamps  run 
at  the  marked  voltage  they  do  nothing  of  the  sort.  The  64- watt  lamps 
take  64  watts;  but  a  200-voll  lamp  running  on  a  210- volt  circiiit  does 
take  70  watts- 
Mr,  J»  C.  Wig  HAM  :  To  those  of  us  w*ho  use  a  photometer  for  the 
purpose  of  determining  whether  a  lamp  is  8  or  16  c.p.^ — a  fact  which 
is  not  always  determined  by  examining  the  mark  on  it — Mr.  Patersoa's 
paper  is  a  most  delightful  one,  dealing  as  it  does  with  accuracies  q( 
photometric  testing  down  to  plus  or  minus  half  of  i  per  cent* 

The  company  with  which  I  am  connected  have  adopted  the  free 
distribution  of  lamps  to  their  consumers  in  tw^o  or  three  cases,  Wc 
have,  therefore,  now  considerable  experience  as  to  what  we  may  expect 
to  g«l  from  makers  of  incandescent  lamps,  and,  so  far,  the  results 
which  ha%'e  been  obtained,  especially  as  regards  uniformity  of  candk- 
power  and  life,  can  only  be  described  as  perfectly  disgraceful.  It  umf 
be  due  to  want  of  grading  ;  but,  whatever  it  is,  wc  get  a  most  alarming 
variation  in  candle  power,  even  from  the  same  maker. 

It  is  rather  disastrous  in  some  cases,  A  year  or  two  back  wc 
obtained  a  batch  of  8-c.p,  lamps  and  they  were  mostly  in  the  region 
of  10.  After  running  a  number  of  hours  a  good  many  of  the  older  ones 
were  giving  S^  c*p.  The  engineer  recommended  that  they  should  he 
changed,  as  they  were  very  black.  The  new  lamps  were  put  on,  and 
the  consumers  began  to  grumble  immediately^  siiying  that  they  were 
very  bad  lamps.  They  were  taken  into  the  photometric  room  aird 
tested,  and  it  was  found  that  the  candle  power  of  those  8-c,p.  lamps 
was  only  5|,  That  is  not  a  very  successful  way  of  renewing  S^cp* 
lamps,  even  if  they  are  bbck* 

This  year  we  have  been  a  good  deal  troubled  with  failures  of  lamps 
owing  to  the  breaking  of  the  filaments.  That  is  a  point,  in  our  opinion, 
to  which  the  lamp  makers  ought  to  pay  a  little  more  attention  than  th<;y 
have  done  recently.  We  have  endeavonred  to  make  some  tests  to 
discover  whether  these  lamps  were  breaking  unduly  soon  or  not,  aD<i 
we  carried  out  in  one  of  our  stations  a  considerable  number  of  tests  in 
this  fashion  :— 

The  lampSf  after  they  were  returned  to  the  store,  were  all  graded 
according  to  the  colour — that  is,  the  blackening  of  the  bulb— and  sorted 
into  three  piles,  each  pile  consisting  of  lamps  which  compared  in  black- 
ne.^s  with  a  lamp  which  had  been  known  to  have  run  200^  400,  and  600 
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hours  respectively*  It  was  found  that  a  very  large  number  of  these  l^mps  Mr. 
had  broken  before  they  had  become  as  discoloured  as  a  lamp  which  ^^  ^^ 
bad  run  200  hours.  These  we  are  eudeavourmg  to  get  the  makers  to 
renew  free,  Ttie  same  subdivision  was  adopted  of  the  lamps  returned 
from  consumers  with  unbroken  filaments,  and  they  were  then  tested  for 
candle  power  and  watts  per  candle.  In  the  8-c.p*  lamps  especially 
there  is  undoubtedly  a  great  dififurcnce  in  the  drop  of  candle  power  in 
proportion  to  ihe  blackening  of  the  bulb,  due,  we  maintain,  to  badly 

made  filaments.     The  tests  have  not  been  carried  out  sufficiently  far  ^M 

to  know  whether  this  method  of  testing  is  reliable  or  not ;  but  we  are  ^M 

in  hopes  that  we  can  enter  into  a  contract  with  the  lamp  makers  under  ^M 

a  guarantee  to  renew  lamps  which  do  not  come  within  a  reasonable  ^M 

candle  power   in   proportion   to  the  blackening  of   the    bulbs.      The  ^H 

blackening  does  not  necessarily  tell  exactly  the  number  of  hours  the  ^H 

lamp  has  been  burnt,  because^  if  overrun^  Ihe  blackening  would  be  a  ^M 

great  deal  more  ;  but  inasmuch  as  the  test  is  dependent  on  the  blacken-  ^M 

ingand  Jiot  on  the  actual  number  of  hours  the  lamps  were  in  use,  we  ^M 

are  of  opinion  that  this  method  of  testings  especially  the  small  candle  ^M 

power  lamps,  may  prove  very  useful,  and  enable  the  lamp  makers  to  ^M 

discover  which   of  their   lamps  maintain   their   candle  power   under  ^M 

service  conditions  to  the  best  advantage.     After  all,  the  supply  conipany  ^M 

chiefly  want  lamps  of  a  uniform  candle  power  to  start  with,  which  ^M 
will  lose  their  candle  power  at  a  uniform  rate. 

Mr.  A.  Vernon  Harcourt,  F.R»S.  {commutticaled):  The  knowledge  Mr. 
that  atmospheric  conditions  have  an  important  influence  on  the  candle 
power  of  flame  standards  is  not  quite  recent.     It  must  have  been  present 
to  the  mind  of  all  who  have  thought  out  and  arranged  these  standards, 

though  an  accurate  determination  of  the  correction  to  be  applied  for  ^ 

such  atmospheric  variations  as  are  material  was  no  casiy  task.    For  the  H 

approximate  measurement  of  the  UglU  of  flames,  such  as  that  of  an  H 

oil  lamp  or  gas  burner,  the  probability  that  the  standard  flame  and  that  ^M 

whose  light  it  is  used  to  measure  will  be  similarly  affected  by  atmo-  ^H 

spheric  variations  is  sufhcient  to   make   the  correction   of   each   un-  ^M 

necessary.      When»   however,   a  flame    standard    is    to   be   tised    for  ^M 

standardising  glow   lamps,   the   correctiojis  to    be  applied   must    be  H 

determined  ;  and  Dr,  Liebenthal  and  Mr*  Paterson  have-- not ^  I  think,  H 

discovered  an  error — but  dftne  an  essential  service  which  few  had  so  H 

good  means  of  doing  in  making  these  determinations*  ^M 

In   1885    I    examined    the  influence  upon  the    1 -candle   standard*  ^M 

which  I  had  proposed,  of  variations  in  atmospheric  pressure,  by  com-  ^M 

paring  it  with  a  small  glo%v  lamp  whose  current  was  adjusted  by  means  H 

of  an  electro'dynamometcr.     I  found  that  the  pen  tan  e  flamej  which  H 

gave   a   light  of    1    candle   when    its    height  was  63^5   mm.  and  the  H 

atmospheric   pressure   was  760  mm.,  must  be   raised   or   lowered  in  H 

inverse  proportion  to  the  rise  and  fall  of  the  barometer  for  its  hght  to  H 

be  constant*  ^ 

My  experiments  upon  the  influence  of  atmospheric  moisture  began 

earlier,  in  1879,    1  had  then  no  glow  lamp  lor  measurement,  and  only  h 


$u 


PATERSON  :   INVESTIGATIONS  ON 


tFeb.m, 


Safcotirt. 


Mr.  Konis. 


compared  the  light  given  by  a  stored  sample  of  coal-gas>  burning  from 
^  London  argand  in  a  box  photometer,  when  the  air  was  dried  and 
undried.  Trays  of  quicklime  were  placed  beneath  the  opening  at  the 
bottom  of  the  box,  llie  light  was  i6'6  candles  ;  the  trays  of  lime  weft 
removed,  the  light  was  15 "9  candles.  On  another  day  the  gas  wa* 
tested,  and  the  yield  of  light  was  16*2  candles  ;  the  trays  were  Ibcn 
filled  with  shghtly  warm  water,  light  15*4  candles  ;  the  trays  wer« 
removed,  the  light  was  then  15^85  candles.  Many  such  observatiofis 
were  made,  but  the  attempts  to  measure  the  humidity  with  wet  and 
dry  bulb  thermometers  were  unsatisfactory.  It  is  certainly  very 
difficult  to  treat  the  air  in  any  way  without  interfering  with  its  free 
flow,  and  thus  affecting  the  light  of  the  burner,  1  agree  w*itb  Mr- 
Pater  son  that  it  is  best  to  wait  for  natural  variations* 

There  is  another  atmospheric  condition,  not  named  by  Mr*  Paterson, 
whose  effect  I  hope  he  will  investigate,  namely,  temperature.  By  the 
variation  of  this  condition  the  flame  standard  and  the  glow  lamp  are 
both,  however  unequally,  affected.  A  lo-candle  gas  lamp  was  placed 
in  the  centre  of  a  cylinder  18  ins,  in  diameter  and  Joins-  in  hcighit 
within  which  was  a  long  coil  of  metal  pipe  through  which  hot  or  cold 
water  could  be  run,  lined  inside  with  black  doth.  An  8-in.  opening 
in  its  lid  gave  free  passage  to  the  air.  Two  small  lateral  openings 
served  for  the  light  going  to  the  photometer  and  for  observation  of  the 
flame.  At  temperatures  36",  32'',  29°^  and  24**,  the  light  was  io*6,  10*4, 
I0'3,  and  10' 2  candles. 

The  temperature  of  flame  is  far  removed  from  the  temperature  flf 
the  air,  but  the  principle  of  the  hot -blast  comes  in,  and  particles  of 
carbon  are  meiisurably  brighter  at,  say,  i>5io'  than  at  itSoo*"*  That  the 
glass  envelope  of  a  glow  lamp  is  hotter  on  a  warm  day  is  certain.  Tli€ 
exchange  of  temperature  between  it  and  the  filament  through  a  nearly 
vacuous  space,  shown  by  the  warmth  which  the  glass  maintains,  though 
continually  cooled  by  the  air  around  it»  must  be  much  slower  than  Ihat 
which  is  due  to  the  free  and  rapid  access  of  air  to  a  flame.  Is  the 
effect  of  the  temperature  of  the  air  around  on  the  light  of  a  glow  lamp 
measurable  or  not  ?  If  the  answer  is  not  already  known  it  can  easily 
be  obtained  by  experiment* 

Since  when  the  air  is  warmer  the  proportion  of  steam  in  it  is 
generally  greater,  and  since  the  light  of  a  flame  is  increased  by  warmth 
and  diminished  by  a  greater  proportion  of  steam,  these  simultaneoos 
variations  mnst  tend  to  balance  one  another.  But  that  which  is 
needed,  and  which  has  already  been  partly  supplied  by  Mr,  PatersoQi 
is  a  formula  for  correcting  the  photometric  results  obtained  00  com* 
paring  a  glow  lamp  with  a  particular  flame  standard,  by  which 
correction  may  be  made  for  the  variations  of  pressure,  temperattire^ 
and  moisture,  as  the  observed  volume  of  a  ga^  measured  over  water  is 
now  corrected, 

Mr.  ],  T,  Morris  (communicated}  :  It  is  clear  from  Mr*  Patenson's 
paper  and  from  previous  work  on  flame  standards  that  proper  ventila* 
tion  of  the  photometer  room  is  important.     Reference  is  m^d^  to  ttie 
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sobject  on  pages  282, 283,  and  287  of  the  paper,  and  it  would  appear  that  Mr.  siorru. 
it  h^%  not  bean  found  possible  to  burn  either  the  pentane  or  the  Hefner 
lamp  continnously  without  the  candle  power  falling,  and  apparently  this 
effect  is  chiefly  due  to  lack  of  efficient  ventilation.  Surely  it  should  be 
possible  in  an  efficiently  darkened  photometer  room,  where  work  of 
the  highest  accuracy  is  carried  out^  to  obtain  a  very  sJowiy  ascending 
columji  of  fresh  air  in  which  the  flame  lamp  is  immersed  while  being 
used^*the  air  moving  so  slowly  as  to  cause  no  flickering  of  the  lamp. 
Possibly  the  following  ai*raiigement  might  be  found  to  work  :  Detiver 
fresh  air  slowly  and  steadily  by  a  fan  through  a  fair- sized  grating  (say 
a  ft*  square)  in  the  floor  directly  under  the  flame  lamp^  and  remove  it 
at  a  similar  grating  in  the  ceiling  directly  attove  the  lamp  by  means  of 
another  fan. 

On  page  28S  the  difficulty  of  finding  a  suitable  resistance  to  use  in 
series  with  a  low-voltage  lamp  is  alluded  to.  This  difficulty  can 
generally  be  overcome  by  placing  a  similar  lamp  in  series  with  the 
slandard  running  under  the  same  conditions,  I  have  myself  made  use 
of  this  method  with  tantalum  lamps  and  found  it  satisfactory,  the 
second  lamp  being  worked  (say  in  a  cupboard)  in  the  same  room. 

The  pari  life  curves  of  large  bulb  Fleming- Edis wan  lamps  given  in 
Fig.  9  of  the  paper  form  a  valuable  addition  to  our  knowledge  of  the 
behaviour  of  these  secondary  standards.  As  the  author  points  out|  the 
candle  power  continuously  rises  for  a  period  of  from  three  to  four 
hundred  hours.  Has  he  reason  to  believe  that  the  total  life  of  these 
lamps  would  he  of  the  order  of  several  thousands  of  hours  }  It  would 
be  of  great  interest  to  know  what  the  shape  of  the  whok  life  candle- 
power  curve  w^ould  be.  In  an  ordinary  glow  lamp  the  rise  of  candle 
power  is  generally  complete  within  some  forty  hours  of  the  start, 
I>oes  the  author  consider  that  the  large  bnlb  lamp  would  give  a  similar 
life  curve*  only  multiphed  throughout  by  ten  ?  I  would  s^iggcst  that 
the  filaments  of  these  six  lamps  which  have  been  run  for  some  four  or 
five  hundred  hours  should  be  carefully  examined  (without  opening  the 
lamp)  to  ascertain  whether  there  is  any  change  in  their  appearance 
either  locally  or  throughout  their  entire  length,  so  tliat  an  idea  might 
be  formed  as  to  their  probable  future  length  of  life. 

Mr.  Ikwin  Howell  {c&mntunkaied)  i  With  reference  to  the  state-  Mr.  Ho*eU,l 
ment  on  page  300  of  the  paper  regarding  a  shortened  life  test  of  glow 
tamps  by  running  them  at  some  other  efficiency  than  their  standard 
efficiency,  I  would  say  that  it  is  the  standard  practice  of  the  British 
Thomson  -  Houston  Company,  Ltd,^  and  of  the  General  Electric 
Company  of  America,  and,  I  believe,  of  some  of  the  Continental  lamp 
factories,  to  burn  lamps  on  life  test  so  that  results  may  be  obtained  in 
approximately  tifty  hours  and  upwards.  The  curve  shown  in  Fig.  17 
is  based  on  tlie  law  of  the  variation  of  life  with  change  in  candle 
power,  and  as  well-known  laws  exist  showing  the  variation  of  candle 
power  with  change  of  voltage,  amperes,  etc.,  the  average  variation  of 
life  and  watts  per  candle  may  be  calculated  within  limits  of  commercial 
accuracy. 
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I  b^Heve  the  law  of  variation  of  life  due  to  change  in  candle^ 
power  h  the  same  for  all  types  of  ordinary  carbon  filaments,  whether 
flashed  or  unilashcd^  and  I  have  yet  to  see  reliable  data  disproving  this 
statement.  The  original  law  of  this  curve  (the  life  varies  inversely 
as  the  c.p.^'*^)  was  determined,  I  thinks  by  Mr,  John  VV*  Howell  d 
the  General  Electric  Company  of  America,  in  iSSj^  and  has  been  re- 
determined several  times  since  that  date^  and  the  elaborate  ^d 
exhaustive  tests  that  have  been  carried  out  from  time  to  time  seem 
to  confirm  the  accuracy  of  the  original  exponent*  This  means  tbat  a 
i6-c.p.  lamp  of  any  voltage  or  eflftciency,  having  a  life  of  unity,  will 
have  a  life  of  1255  if  burned  at  8  c,p,,  and  a  life  of  0'08  if  burned 
at  33  c.p. 

Mr.  Leon  Gaster  (tommuTumttd) :  The  paper  read  by  Mr/Patcr^n 
deals  so  exhaustively  with  many  questions  relating  to  electric  lighting 
that  I  will  only  refer  in  general  terms  to  a  few  points  which  appear  to 
be  of  practical  importance. 

In  the  first  instance  I  should  like  to  mention  that  it  is  very  grab- 
fying  that  the  e^itabhsliment  of  the  National  Physical  Laboratory  tia& 
rendered  possible  a  closer  co-operation  with  similar  Institutions  on  the 
Continent  and  in  the  United  States  in  making  scientific  researches  0^ 
international  importance^  so  that  results  can  now  be  compared  w\ih 
those  obtained  in  the  other  countries. 

In  tlie  second  part  of  the  paper,  which  deals  with  tests  made  with 
200- volt  incandescent  lamps,  I  cannot  refrain  from  e^pressi^g  BiJ 
disappointment  at  the  bad  results  obtained  with  most  of  the  lamp^ 
supplied  to  the  nunket.  It  has  been  :said*  with  a  jr^cat  deal  of  justifi- 
cation on  the  part  of  the  lamp  makers,  that  it  is  to  the  extraordinaiy 
voltage  tluctuations  at  which  I  lie  current  is  supplied  to  the  coosumer 
in  different  parts  of  the  country  that  the  short  life  and  bad  efficieney  d 
the  lamps  are  largely  due,  and  accordingly,  until  the  central  statioos 
endeavour  to  regulate  the  voltage  within  more  reasonable  hmits,  il  i^ 
useless  for  the  lamp  makers  to  supply  lamps  lo  any  rigid  specification, 
seeing  that  under  present  conditions  in  actual  use  the  lamps  will  Iw 
prematurely  destroyed.  On  the  other  hand,  the  central  staboji 
engineers  have  a  reasonable  cause  of  complaint  against  some  lamp 
makers  for  the  many  bad  lamps  supplied,  which  have  been  respousible 
for  the  dissatisfaction  of  consumers,  and  have  thereby  retarded  the 
more  extensive  use  of  electric  lighting.  Under  such  circumstances 
they  think  il  useless  to  go  to  the  trouble  of  keeping  tlie  voltage  steadier 
than  they  are  doing  at  presents  The  consumer,  although  sympathisiag 
vpith  the  apparent  hona-fidt  arguments  of  the  two  parties,  has  in  the 
meanw^hile  to  put  up  with  indifferent  illumination,  not  knowing  upon 
whom  to  fix  the  blame.  It  is  for  this  reason  that  I  am  speaking  tQ  » 
certain  extent  from  the  point  of  view  of  the  consumer  in  stating  tii^ 
the  results  of  Mr,  Fat er son's  tests  are  unsatisfactory  regarding  ibe 
present  supply  of  lamps,  and  in  nrijing  lamp  makers  as  well  as  the 
central  station  engineers  to  do  their  very  tjest  to  improve  matters  sooa. 

1  should  like  to  ask  wliat  excuse  can  the  lamp  makers  give  for  such 
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irregular  grading  of  their  lamps  as  shown  in  the  diagrams  ?  especially  Mi, 
when  one  has  to  consider  the  fact  that  the  tests  have  heeii  carried  out 
on  an  almost  ideal,  steady,  and  perfectly  regulated  circuit.  The  excuse 
has  been  given  by  some  that  although  the  lamps  arc  marked  at  a  certain 
voltage  and  certain  candle  power^  in  reality  these  markings  are  only 
nominal ;  they  must  make  the  lamps  suitable  for  the  voltage  known  by 
them  to  exist  in  the  respective  districts  in  which  the  lamps  are  intended 
to  be  used.  This  explanation  does  not  seem  to  be  quite  borne  out  when 
dtamining  the  diagrams  given  by  Mr*  Paterson,  For  a  good  lamp 
which  was  rated  at  l6-c,p*,  200  volts  showing  only  11  or  12  candles,  the 
life  curve  ought  to  have  appeared  quite  different  if  the  lamp  was 
underrun,  and  it  should  not  show  such  rapid  decline  in  the  life  test. 

Why  do  not  the  lamp  makers  insist  that  something  more  is  done  at 
the  central  stations  to  regulate  the  voltage  within  the  Umils  prescribed 
by  the  Board  of  Trade  ?  I  am  at  a  lo&s  to  understand  why  those  limits 
lia%'e  lieen  prescribed  at  all  if  they  are  not  to  be  enforced.  One  must 
not  forget  that  the  bulk  of  the  electric  current  supply  in  this  country  is 
still  used  for  lighting  purposes,  and  that  the  carbon  lamps  cannot  stand 
high  voltage  fluctuations  without  being  damaged.  This  state  of  affairs, 
I  think,  ought  not  to  be  allowed  to  continue.  The  consumer  has  every 
right  to  ask  that  lamps  marked  at  certain  candle  powers^  voltage,  and 
energ)^  consumption  should  be  as  near  as  possible  trne^  and  it  should 
be  made  illegal  and  punishable  to  sell  lamps  which  are  wrongly 
marked,  due  allowance  being  made  for  errors  in  accuracy  of  testing 
and  the  manufacture  of  lamps.  The  lamp  makers  may  come  forward 
and  point  out  to  the  consumer  that  in  order  to  supply  properly  graded 
lamps  a  higher  price  will  have  to  be  charged  for  them.  I  believe,  how- 
ever, that  it  will  be  infmitely  better  for  the  consumer  to  pay  the  few 
|>ence  more  asked  for  good  lamps,  because  the  difference  in  the  initial 
cost  of  the  lamps  is  more  than  counterbalanced  by  the  economy  derived 
from  the  current  consumption  during  the  life  of  the  lamp,  and  also  by 
keeping  up  its  useful  Ufe  a  much  longer  period.  The  recommendation 
to  use  high- efficiency  lamps  and  to  adopt  a  system  of  freqtient  renewals 
deserves  careful  consideration  at  the  hands  of  the  consumer  where 
energy  is  charged  at  rather  high  prices  and  the  voltage  does  not  vary 
too  tnuch* 

Some  of  the  lamp  makers  I  know  have  complained  of  those  who 
are  trying  to  show  up  the  bad  quaUties  of  the  lamps  supphed,  because 
they  say  the  opposition  makes  capital  out  of  those  condemnations,  and 
they  thereby  harm  the  developmunt  of  the  electric  light  industry,  To 
my  mind  the  effect  ought  to  be  the  reverse.  The  genuine  manufacturers 
will  1^  grateful  to  such,  because  they  are  doing  a  great  service  in  showing 
up  those  manufacturers  who  trade  on  the  ignorance  of  the  public  in 
these  technical  matters  and  supply  bad  lamps,  and  also  because  they 
are  pointing  out  that  there  are  some  good  lamp  makers  who  are  in  a 
position  to  supply  the  right  article  if  paid  the  proper  price.  From  the 
.results  shown  by  Mr.  Paterson,  some  of  the  lamps  are  certainly  of 
superior  quality.     It  is  only  due  to  the  publication  of  results  obtained 
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-  Gaitct.  by  such  unbiassed  and  scientiiic  experiments  as  those  carried  out  by 
Mr.  Pater  son  at  the  National  I  Physical  Laboratory  that  the  lamp  makers 
Ihem selves  have  an  o|iporttinity  of  getting  acquainted  with  the  trttt 
nature  of  the  quality  of  the  lamps  they  arc  makiog,  or  supplying  to  the 
consumer.  If  the  lamp  makeri-  say  thai  owing  to  the  great  foreign 
competition,  and  on  account  of  the  present  fiscal  conditions,  it  is  possible 
to  import  into  this  country  any  worthless  lamp,  and  sell  it  at  a  ridicuJoEJ 
price  with  which  the  home  product  cannot  compete,  it  may  be  a  simple 
matter,  I  should  venture  to  think,  for  the  kimp  makers  to  combine  a«d 
approach  the  Board  of  Tradt;  and  ask  for  protection  against  such 
unfair  deahngs,  by  demanding,  for  instance,  that  not  only  should  tht 
boxes  containing  the  lamps  be  marked  with  the  country  of  origin*  but 
also  that  the  lamps  imported  should  bear  a  distinct  mark  by  which  they 
may  be  recognised.  The  lamp  makers  could  then  warn  the  public 
against  any  bad  lamp  so  imported,  and  I  have  no  doubt  that,  sbouW 
their  claims  be  proved  correct,  the  pubhc  will  understand  where  its 
awn  advantage  lies  ;  but  until  the  marking  of  the  lamps  has  a  leg;al 
meaning  attached  to  it,  so  as  to  become  Hke  a  *'  trade  mark,"  I  Am 
afraid  that  the  grading  the  lamps  will  be  continued  to  a  very  large 
extent  in  the  sanie  haphazard  manner,  and  the  electric  lighting 
industry  will  be  left  in  the  same  chaotic  state  in  which  it  finds  iticlf  at 
present. 

Regarding  the  attitude  which  is  expected  to  be  taken  up  by  the 
municipal  authorities  and  private  companies  who  own  electric  supply 
concerns,  I  should  thiuk  that  it  would  be  advisable  for  them  tc 
adopt  a  scheme  t>y  which  the  lamps  supplied  to  Ihe  consumer  arc 
tested  according  to  the  recommendations  of  the  specification,  and  then 
either  to  supply  the  lamps  free  of  charge  to  the  consumer  or  have 
them,  after  being  tested,  sold  through  the  local  contractors.  In  this 
way  the  bad  lamp  will  be  kept  out  of  the  market  to  a  very  large  extent 
It  might  be  argued  that  for  this  testing  work  hea%T  expenditure  would 
be  incurred.  My  suggested  remedy  for  this  is  that  all  the  dififere«l 
municipal  authorities  and  companies  should  contribute  annually  a  fixed 
sum  of,  say  J  ^Iio  to  ^^15  towards  the  maintenance  of  a  central  testing 
department^  which  should  be  run  for  the  bene  lit  of  the  public.  This 
testing  bureau  should  be  conducted  under  the  supervision  of  a  com- 
mittee composed  of  representatives  of  central  station  engineers,  lamp 
manufacturers,  consumers,  etc,  and  there  the  lamps  should  be  tested 
according  to  an  adopted  specification.  For  any  cases  of  dispute  vMch 
might  arise  concerning  tests^  the  National  Physical  Laboratory  should 
act  as  the  court  of  appeal.  To  my  mind  this  will  be  a  step  in  the 
right  direction,  and  may  help  to  put  the  lighting  question  on  a  souudff 
basis. 

I  will  not  discuss  at  this  juncture  the  bona-ndc  claim  of  the 
'^  illuminating  eugineer,**  whose  business  it  will  be  to  advise  the  con^^umcf 
how  to  use  the  lamps  to  the  best  advantage  and  to  get  the  desired 
illumination  at  the  k\tst  expense,  but  I  should  like  to  mention  that  this 
new  profession  of  the  "illuminating  engineer"  would   form  a  very 
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valimble  link  between  the  lamp  makers,  the  c:cntral  titatioii  engineer, 
and  the  consumer.  Whether  the  carbon  lamp  has  a  long  lea^e  of  Ufe 
or  not,  in  my  opinion  a  fair  trial  should  be  made  of  the  recommenda- 
tions embodied  in  the  specification  lor  carbon  glow  lamps  prepared  by 
the  Engineering  Standards  Committee.  As  these  recommendations  are 
only  to  be  applied  for  one  year,  and  are  subject  to  revision,  1  think 
every  opportunity  should  be  given  for  introducing  them,  and  in  accord- 
ance with  the  experience  gained  during  the  year's  trial,  the  necessary 
alteration!*  should  be  made, 

Mr,  T.  A*  Rose  {comniunkati*d) :  There  is  only  one  point  in  Mr- 
Pater  son's  extremely  interesting  and  instructive  paper  to  which  I  wish 
to  refer,  and  that  is  his  apparent  assertion,  on  page  395  and  elsewhere, 
that  the  qiiahty  of  an  incandescent  electric  lamp  depends  entirely  on 
the  make  of  the  filament.  In  reality,  the  quality  of  a  modern  carbon 
Blament  lamp  depends  quite  as  much,  if  not  more,  on  the  vacuum  as 
on  the  til  anient.  At  the  present  time  there  is  very  little  di^erence  in 
the  filaments  used  by  the  leading  lamp  makers^  and  therefore  the 
differences  observed  in  their  lamps  are  more  likely  to  be  due  to  the 
different  methods  employed  for  exhausting  the  bulbs. 

This  question  of  the  vacuum  is  also  one  of  the  main  causes  why 
lamp  makers,  ;is  Mr.  Paterson  points  out,  fmd  a  difficulty  in  making 
lamps  to  come  out  exactly  as  intended  with  regard  to  voltage  and 
candle  power*  As  the  paper  under  discussion  is  not  one  dealing  with 
the  technicalities  of  lamp  makings  I  cannot  now  describe  and  compare 
the  different  methods  used  for  exhausting  lamps,  especially  as  1  am 
alraid  I  should  be  prejudiced  in  favour  of  my  own  process,  but  it 
certainly  is  a  fact  that  some  methods  produce  much  more  uniform  and 
belter  Jamps  (using  the  same  filaments)  than  others. 

Mr*  J.  S.  Dow  (comniii mealed^  :  It  seems  to  be  generally  admitted 
that  the  Harcourt  lo-c.p.  pentane  standard  and  the  Hefner  amyl-acctate 
standard  are  the  best  flame  standards  at  present  available,  and  the  pentane 
*>tandard  seem>  to  me  to  be,  in  almost  every  re  specif  the  best  lamp  of 
the  two.  Ten  c*p.  is  a  more  convenient  unit  than  i  c.p.  The  white 
colour  of  the  Harcourt  flame  is  preferable  to  the  red  colour  of  the  amyl- 
ac^tate  flame,  and,  as  Mr,  Paterson  points  out,  the  use  of  the  chimney 
in  the  Harcourt  lamp  gives  a  very  much  steadier  flame  than  the 
flickering  flame  of  the  Hefner  lamp,  which  is  so  very  sensitive  to 
draughts.  Moreover,  a  change  of  only  i  millimetre  in  the  height  of  the 
Hefner  flame  means  3  per  cent,  difference  in  the  candle  power  of  the 
lampr  while  a  variation  of  5  millimetres  on  either  side  of  the  correct 
[losjlion  of  the  flame  docs  not  materially  affect  the  light  given  out  by 
the  Harcourt  standard. 

My  own  experiments  quite  confirm  all  that  Dr,  Fleming  said  in  1905 
about  the  necessity  for  good  ventilation,  but  the  Hefner  lamp  is  probably 
quite  as  sensitive  to  vitiation  of  the  atmosphere  of  the  photometer  room. 
When  I  visited  the  Reichsanstalt  in  Berlin  last  summer,  I  was  told 
that  they  never  nsed  the  Hefner  lamp  (or  longer  than  half  an  hour  in 
making  tests*  for  this  reason*  The  correction  for  water  vapour  is  about 
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the  same  in  the  two  cases.  The  one  advantage  which  the  Hefner  lainp 
docs  seem  to  possess  is  that  it  is  practically  independent  of  barometric 
pressure*  An  alteration  of  i  centimetre  in  barometric  pressure  orIv 
alters  the  candle  power  of  the  Hefner  lamp  by  o'l  per  cent.,  but  tTif 
*iame  alteration  wonld  alter  the  candle  power  of  the  Harcourl  lamp  hK 
0*8  per  cent.  On  the  other  hand,  Frankland,  as  far  back  as  1861,  found 
that  under  the  same  conditions  the  candle  power  of  coal-gas  fiame'* 
changed  no  less  than  2  per  cent,  I  should  like  to  ask  Mr.  Patenyon, 
therefore,  if  he  can  explain  exactly  what  is  the  reason  for  these  differ- 
ences! because  it  seems  possible  that  a  slight  v^ariation  in  the  Harcoun 
lamp  might  lead  to  improvement  in  this  respect. 

I  cannot  a^ree  with  Mr,  Harrison  that  this  paper  is  one  more  step 
towards  doing  away  with  the  ilame  standard.  The  Harcourt  lamp  will 
certainly  continue  to  be  our  standard  for  some  time  to  come,  and,  il 
seems  to  me,  every  piece  of  additional  knowledge  we  gain  as  to  ili 
vagaries,  so  far  from  tending  to  displace  it,  adds  to  its  value.  Oitr 
primary  standard  must  have  two  qualities.  It  must  be  easily  repro 
ducible,  and  must  not  be  easily  permanently  altered  in  candle  power. 
At  present  glow  lamps  are  not  identically  reproducible,  and  there  is 
probably  no  glow  lamp  in  existence  which  could  not  be  rendere(t 
ivorthless  as  a  standard  b}^  being  overrun  for  a  few^  minutes.  Mr*  Wild 
and  I  have  both  found  that  glow  lamps  do  not  give  exactly  the  sainc 
results  after  being  overrun,  if  only  for  a  few  minutes,  and — worse  stiD— 
the  lamps  gradually  alter  afterwards.  This,  to  my  mind,  constitute  a 
fatal  objection  to  the  method  of  testing  the  life  of  lamps  by  ovit^ 
running  for  a  short  period.  Such  treatment  must  put  a  strain  on 
the  lamps,  and  their  subsequent  recovery  must  be  in  evidence 
afterwards. 

Mr.  Paterson's  results  shown  in  Fig.  18  come  as  a  surprise  to  m<* 
In  1903  I  tested  a  very  large  number  of  lamps  for  Professor  Ayrtoa, 
when  he  was  investigating  this  method  of  life  testing,  and  found  ihM 
the  lamps  behaved  most  erratically.  Some  lamps  rose  in  candle  pom-T 
after  being  overrun  35  or  30  per  cent,  for  one  hour  ;  others  fell.  BuJ 
r  have  almost  always  found  that  overrunning  a  lamp  for  a  very  short 
period  causes  a  rise  in  candle  power  and  wattage,  whereas  Mr.  PatcrsoR"> 
curves  show  a  continuous  fall. 

As  regards  secondary  standards,  it  seems  to  be  the  correct  plan  to 
test  glow  lamps  against  glow-lamp  standards,  and  gas  lamps  against 
gas  standards.  If  glow  lamps  are  tested  against  a  gas  standard  all  poi- 
sible  errors  occur— errors  due  to  atmospheric  inlluence  on  the  p^ 
standard  and  errors  due  to  faulty  regulation  of  the  PpD.  across  ti'^ 
glow  lamp  (which  must  now  be  known  to  at  least  0*2  per  cent.).  Bu 
exactly  the  same  remarks  apply  to  testing  gas  lamps  against  a  gluw 
lamp  standard.  Glow  lamps  are  tested  against  glow  lamps,  so  that  a 
slight  variation  in  the  P.D.  across  both  will  not  affect  the  results.  In 
the  same  way  gas  lamps  ought  to  be  tested  against  a  gas  lamp  of  tbc 
same  nature,  for  then  atmospheric  conditions  affect  both  in  the 
same  way. 
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On  the  other  hand,  in  a  laboratory  in  which  very  exact  electrical  Mr.  Dow. 
measurement  is  possible,  a  glow  lamp  is  probably  the  best  standard  to 
use  when  testing  other  lamps  the  candle  power  of  which  does  not  vary 
with  the  P.D.  according  to  the  same  law  as  for  glow  lamps.  But  in 
such  cases  it  seems  better  to  measure  the  current  through  the  lamp  and 
not  the  P.D.  across  it.  According  to  Mr.  Paterson's  curves  in  Fig.  9, 
the  current  through  the  standard  almost  invariably  rises  as  the  candle 
power  rises.  Therefore,  if  the  current  through  the  lamp  had  been 
maintained  constant,  the  candle  power  would  have  been  much  more 
uniform.  This  method  has  other  advantages.  It  gets  rid  of  all  danger 
of  "contact"  troubles  in  the  lamp  holder,  it  minimises  the  possible 
errors  introduced  by  inadvertently  overrunning  the  standard,  and  (in 
the  case  of  carbon  filament  lamps)  the  current  through  the  lamp  need 
not  be  known  so  exactly  as  the  P.D.  across  it. 

The  divergences  in  behaviour  of  the  standard  high-voltage  lamps 
shown  in  Figs.  10,  11,  and  12  are  very  curious.  Why  is  it  that  there  is 
an  initial  rise  in  candle  power  in  the  life  of  some  lamps  and  not  in  the 
case  of  others  ?  Does  this  mean  that  some  of  the  lamps  were  run  for  a 
certain  period  by  the  manufacturers  before  being  submitted  for  test,  so 
that  the  initial  rise  in  candle  power  was  worked  off  ?  The  divergences 
are  the  more  surprising  because  the  ordinary  200-volt  lamps,  the  life 
tests  of  which  are  shown  in  Fig.  15,  behave  very  uniformly.  One 
would  therefore  have  expected  picked  standard  lamps  to  give  more 
uniform  results. 

Another  question  affecting  the  use  of  standard  lamps  is  that  raised 
by  Mr.  J.  T.  Morris  in  the  discussion  of  Dr.  Fleming's  paper  in  1903. 
Mr.  Morris  described  experiments  which  apparently  showed  that  for 
every  9°  C.  rise  in  the  temperature  of  the  photometer  room  the 
candle  power  rose  i  per  cent.  Dr.  Fleming,  however,  in  a  subsequent 
paper  before  the  British  Association,  came  to  the  conclusion  that  the 
effect  was  inappreciable.  Therefore  I  should  like  to  hear  what  is  Mr. 
Paterson's  experience  on  this  point. 

Finally,  there  are  two  points  of  interest  in  the  carrying  out  of  Mr. 
Paterson's  life  tests.  From  the  casual  reference  to  the  regulator  "  in 
series  with  the  field  circuit  of  the  alternator,"  I  gather  that  Mr. 
Paterson's  life  tests  were  made  on  an  alternating  P.D.  Is  it  an 
established  fact  that  a  life  test  of  carbon  filament  glow  lamps  on  a 
direct  or  an  alternating  P.D.  leads  to  the  same  results  ?  And,  if  so,  what 
must  be  the  limiting  value  of  the  frequency  for  this  to  be  true  ? 

Secondly,  has  the  position  of  a  glow  lamp  (whether  sideways  or 
upside  down,  etc.)  during  a  life  test  any  effect  on  the  results  ?  If  the 
surprising  results  of  Messrs.  Cravath  and  Kansingh,^  who  found  that 
the  mere  frosting  of  lamp  globes  reduced  the  life  of  glow  lamps 
considerably,  be  confirmed,  this  point  is  worth  consideration. 

Mr.  C.  C.  Paterson  (in  reply) :  The  comments  made  by  those  who   Mr. 
have  joined  in  the  discussion  on  this  paper  fall  naturally  under  two 
heads :  those  concerning  flame  standards  and  their  ratios,  and  those 
•  Electrical  Worldf  vol,  47,  1906,  p.  567. 
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concerning  the  general  behaviour  and  testing  of  electric  lamps-.    I 
propose  to  reply  to  the  remarks  under  these  two  heads. 

Dr.  Fleming  pointed  out  a  difference  oliservable  between  the  ratio 
of  the  Hefner  to  the  pentane  lamp  as  found  by  the  direct  companions 
described  in  this  paper  and  as  deduced  from  the  values  of  electric 
lamps  measured  iu  Germany  against  the  Hefner  unit,  and  in  Buishy 
against  the  peotane  standard,  I  have  also  found  a  difference  in  the 
same  direction  in  lamps  which  I  have  myself  taken  to  BcrUfi-  We 
have  this  matter  at  present  under  mx*cstigation,and  I  cannot,  therefore, 
offer  any  complete  explanation.  There  is  no  doubt  that  the  average 
of  the  ratios  given  in  the  table  on  p,  285  is  correct  to  a  fraction  of  i 
per  cent.  It  must  be  remembered  that  in  comparisons  through  the 
medium  of  electric  lamps,  the  assumption  is  made  that  the  condition 
of  the  atmosphere  is  reproducible  in  the  two  localities  and  also  that  the 
methods  are  identical  of  measunng  the  composition  of  the  atmosphere 
in  the  various  places  where  the  tlame  standards  are  used»  There  is  a 
difference,  for  instance,  in  the  standard  methods  of  measuring  humidity 
In  this  country  and  in  Berlin,  which  may  account  for  a  portion  of  tb« 
discrepancy. 

Mr,  Wild  points  out  a  very  large  discrepancy  between  his  pentane 
lamp,  tested  first  at  Bushy  and  then  at  Westminster,  and  suggests 
testing  in  rooms  of  different  sizes  and  heights,  as  well  as  near  to,  add 
away  from,  walls.  The  new  laboratories  at  Bushy  are  well  adapted  to 
such  measurements,  and  I  shall  try,  at  an  early  date,  whether  these 
<.^iises  have  any  effect  on  the  light.  It  is  quite  clear  that  much  remain* 
to  t>e  done  in  the  way  of  further  investigation  before  the  rcliabihtyoC 
any  of  the  present  Hamc  standards  can  be  considered  satisfactory  from 
the  point  of  view  of  tlie  electrical  engineer  who  has  to  deal  with 
sources  of  hght  which  are  unaffected  by  atmospheric  conditions. 

I  agree  with  Mr.  Harrison  that  flame  standards  are  not  suitable  for 
commercial  electrical  photometric  work,  but  from  the  point  of  vie* 
of  the  gas  industry  it  must  be  remembered  that  the  lo^candle  pciitmc 
lamp  is  a  very  suitable  unit  indeed,  more  useful  than  a  viollc  or  metallic 
filament  standard  which  is  unaffected  by  atmospheric  conditions.  I 
am  %'ery  much  interested  in  Professor  Ajxton's  figure  com  pairing  the 
Oibdin  standard  and  the  lo-candle  Harcourt  standard.  I  have  not 
had  occasion  to  work  with  either  the  j -candle  pentane  lamp,  or  uith 
the  Dibdin  standard.  If,  a,s  Professor  Ayrton's  figures  show*  the 
Dibdin  standard  makes  the  unit  of  candle  power  larger  tlian  the 
Harcourt  10- candle  pentane  lamp  makes  it,  then  the  ratio  of  the 
German  to  the  English  candle  as  given  by  the  Dibdin  unit  is  oeartr 
the  old  value  of  o'S8  than  the  newly  determined  ratio  of  o-^a  giteo 
by  the  locandie  Harcourt  lamp,  burning  in  an  atmosphere  cofitainidg 
10  litres  of  moisture  per  cubic  metre  of  pure  air* 

Mr.  Trotter  adversely  criticises  my  advocacy  of  the  ichcamile 
pentane  lamp  as  a  better  standard  of  light  than  the  Hefner  unit,  jukI 
speaks  of  the  trifling  advantages  of  the  pentane  lamp  over  the  Hefner. 
After  liavi ug  used  both  lamps  for  standardisation  purposes  rather  ihm 
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for  general  commercial  laboratory  use <  I  cannot  agree  with  him  that 
the  advantages  are  trifling,  Tlie  difliculty  of  accurate  ttame  adjust- 
ment and  the  lamlient  cliaracter  of  the  flame  render  measurements 
with  the  Hefner  lamp  liable  to  greater  errors  than  is  the  case  with  tlie 
pentane  standard,  and  the  difficulty  of  accurately  stepping  up  from 
the  i-candleunit  to  the  i6-  and  30-candle  lamps  nsed  in  practice  is  a 
very  real  one,  Although  the  pentane  flame  is  affected  to  a  greater 
extent  by  barometric  changes,  1  do  not  regard  this  as  a  serious 
disadvantage.  Barometric  pressure  is  a  definite  quantity  and  easy 
to  measure  and  as,  for  standard  work^  a  correction  must  be  made 
anyway,  it  does  not  much  matter  if  its  amount  is  o'l  per  cent*  or 
n*8  per  cent.  As  regards  humidity  correction ^  which  is  the  more 
serious  0/  the  two,  there  is  very  little  difference  between  its  amount 
in  the  case  of  the  two  standards.  I  also  cannot  follow  Mr,  Trotter's 
reasons  for  wishing  to  alter  the  British  candle  in  order  to  conform  ifi 
dimension  to  that  used  in  Germany.  The  British  candle  is  practically 
identical  in  size  with  that  used  in  France  (see  table,  p.  185) and  in  America, 
the  candle  in  the  United  States  being  derived  from  the  Hefner  unit  by 
increasing  the  latter  in  the  ratio  of  0"88  to  i.  Why,  then,  should  these 
three  countries  alter  the  dimension  of  their  light  unit  in  favour  of  a 
standard  w^hlch,  owing  to  its  small  candle  power,  will  become  increas- 
ingly more  difficult  to  use  as  the  magnitude  of  the  lights  employed 
commercially  increases  ? 

I  must  thank  Mr,  Cooper  for  calling  attention  to  a  point  which 
perhaps  it  not  clear  from  the  paper,  unless  the  latter  is  ver)^  carefully 
read.  The  experiments  on  the  effect  of  carbon  dioxide  described 
on  pp,  273  and  274  arc  only  qualitative.  Table  L  gives  the  observed 
fait  in  candle  power  due  to  the  combined  effect  of  increase  of  CO, 
and  decrease  in  oxygen-  In  the  second  paragraph  on  p.  274  it  is 
pointed  out  that  this  decrease  m  candle  power  is  very  Utde  greater 
than  when  the  lamp  is  left  burning  in  a  closed  room  itithoiii  arti- 
ficial increase  of  CO^.  It  therefore  follows  that  the  eftect  of  CO^ 
is  negligible  under  all  ordinary  circumstances  since  the  amount  of 
this  g^^  in  the  atmosphere  never  reaches  such  a  high  figure  as  that 
attained  when  it  was  artiJkially  introduced  into  the  air  of  the  photo- 
meter room  and  reached  a  value  of  I'y  litres  per  cubic  meter* 

In  reply  to  Mr.  Cooper's  queries,  the  change  in  CO,  was  produced 
by  causing  gas  from  a  laboratory  CO,  kip  to  pass  into  the  air  of  the 
room.  The  samples  of  air  were  taken  from  the  immediate  neighbour- 
hood of  the  lamp  by  very  slowly  sucking  air  into  previously  exhausted 
lo-Iitre  vessels  at  the  rate  of  about  i  litre  in  two  minutes.  I  have 
endeavoured  to  separate  the  air  drawn  into  the  saturator  from  that 
in  which  the  flame  burns  by  first  introducing  CO^  directly  into  the 
tube  leading  to  the  saturator^  and  secondlyj  by  feeding  the  saturalor 
wilh  fresh  air  from  outside  the  room*  Neither  had  any  observable 
effect  on  the  candle  power,  and  I  therefore  conclude  that  the  air 
which  surrounds  the  flame  when  it  burns  is  that  which  has  the  most 
influence  on  its  light  intensity*     I  agree  that  the  method  of  ventilation 
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sounds  primitive.  It  must  he  rememberedj  however,  that  the  Hefner 
lamp  cannot  be  properly  used  in  any  but  a  perfectly  still  atmo^ptienc, 
and  I  think  a  scheme  of  ventilation  has  to  be  rather  elaborate  to  dear 
out  the  ^ir  of  the  room  without  causing  sufihcient  disturbance  to  affect 
even  such  a  stable  flame  a&  that  of  the  pentane  lamp*  I  feel  sure  tb^f 
the  method  described  by  Mr.  Morns  would  be  found  unworkable  wiiii 
the  Hefner  lamp.  On  a  windy  day,  even  when  all  doors  and  windows 
are  tightly  closed,  the  flame  wanders  in  a  most  exasperating  way,  and 
observations  can  only  be  made  dui  mg  the  s^hort,  quiet  intervals  wben 
the  flame  is  approximately  steady, 

I  am  much  interested  in  the  suggestive  contribution  which  Mr. 
Harcourt  has  made  to  the  discussion.  As  regards  the  effect  of  varia* 
tion  in  temperature  on  the  candle  power  of  the  pentane  lamp,  I 
suspected  for  the  reasons  Mr,  Harcourt  gives,  that  temperature  would 
have  a  disturbing  influence.  In  deducing,  therefore,  by  the  method 
of  least  squares,  the  corrections  for  barometer  and  water  vapour 
changes  from  the  observations  shown  in  Fig.  i,  I  introduced  a  term 
for  variation  of  temperature  from  the  mean.  The  term*  howevef, 
came  to  practically  zero.  I  therefore  assumed  that  for  all  ordinary 
temperature  variations  met  with  in  practice,  no  correction  ft'as 
necessary.  Mr.  N orris,  in  a  paper  read  before  the  Denver  Meeting 
of  the  American  Gas  Light  Association,  October,  iqoo,  came  to  tbe 
same  conclusion.  He  had  two  lamps  burning  in  two  differetil  rooms 
with  a  tiar  photometer  between  them.  There  was  a  window  in  the 
dividing  wall,  which  allowed  the  light  from  both  lamp^  Id  fall  on 
the  photometer.  The  tests  nude  covered  a  range  of  temperature  of 
from  24"^  C  in  one  room  to  57  °C.  in  the  other,  and,  according  to  hi^ 
leport,  the  relative  values  of  the  lamps  remained  practically  unchang«d> 

As  regards  the  barometric  correction  for  the  lamp,  Mr*  Harcotirt 
has  handed  me  a  table  showing  a  number  of  his  own  observations. 


Baramcter 
niiTj. 

Obsenred  C.P, 

CalcuJitcd  C.P. 

744*1 

087 

9^87 

o-oo 

747"^ 

9"93 

990 

+  0-03       1 

749-1 

9"94 

9'9i 

+  003 

7551 

9^93 

9-96 

—  O'Ol 

755-5 

1004 

9*96 

4"  0-08 

Caku]al«l  -  t>bftcn-ed. 

'    765-3 

10*07 

10-04 

10*06 

—  0-03 

jtro 

995 

+  0-11 

7707 

10-04 

10-09 

+  0-05 

7729 

10*05 

10-10 

+  0-05 

774"^ 

10-09 

lo-ij 

+  0"02 

They  were  obtained  by  comparing  the  10  candle  pentane  lamp  will 
the  I -candle  standard/  The  flame  of  the  latter  was  varied   in  hei^  ^ 
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according  to  the  height  of  the  barometer,  the  necessary  amount  having  Mr. 
been  previously  determined  by  Mr.  Harcourt  as  i  mm.  for  every  i  inch   ^* 
of  barometric  variation.    The  results  are  given  in  the  accompanying 
table,  which  Mr.  Harcourt  has  kindly  permitted  me  to  publish. 

The  question  which  Mr.  Dow  raises  as  to  the  reason  why  barometer 
changes  afiEect  the  candle  power  of  flames  is  one  concerning  which  I 
do  not  venture  a  definite  reply.  When,  however,  one  considers  that 
the  vapour  from  the  amyl  acetate  lamp  is  burnt  at  the  moment  and 
at  the  point  of  vaporisation,  but  that  in  the  case  of  both  the  gas  and 
pentane  flames,  gas,  as  such,  is  pressed  or  sucked  through  the  holes 
in  the  burners,  it  would  certainly  not  be  safe  to  assume  that  all  are 
going  to  be  equally  affected  by  changes  of  outside  pressure. 

Passing  to  questions  which  more  directly  concern  electric  lamps : 
in  reply  to  Dr.  Fleming,  the  large  bulb  standards  were  compared, 
during  their  ageing,  against  other  large  bulb  standards,  and  not  against 
the  pentane  lamp.  I  think  there  is  a  real  demand  for  high  voltage 
standards  among  engineers  who  have  a  reasonably  steady  source  of 
supply,  the  variations  of  which  will  only  very  slightly  afFcct  the  candle 
power,  if  in  the  setting  of  the  inter-comparison  lamp  both  it  and  the 
standard  can  be  run  in  parallel. 

Mr.  Robertson  suggests  that,  on  account  of  the  outfalls,  it  will  not 
be  possible  to  improve  the  uniformity  of  lamps  until  there  is  as  large 
a  number  of  supply  pressures  in  this  country  as  in  America.  One  quite 
appreciates  that  the  narrow  American  limits  cannot  be  adhered  to  here, 
as  things  are  at  present,  but  I  should  like  to  ask  him  if  he  maintains 
that  an  improvement  cannot  be  made  on  the  basis  of  the  wider  limits 
defined  in  the  specification.  In  view  of  the  consistently  better  rating 
shown  by  the  products  of  some  makers  than  is  the  case  with  others,  I 
cannot  help  thinking  that  a  great  advance  is  possible. 

Mr.  Russell  suggests  the  difficulty  of  assuming  that  the  law  of  inverse 
squares  holds  on  account  of  a  lens  effect  produced  by  the  bulb.  I 
think  the  fact  that  all  commercial  horizontal  candle-power  measure- 
ments are  made  when  rotating  the  lamp  should  prevent  any  errors 
being  introduced  due  to  this  cause. 

I  congratulate  Mr.  Wild  on  the  results  he  has  obtained  on  high 
voltage  lamps.  I  wish  I  had  included  some  of  his  lamps  among  the 
various  types  which  I  tested.  I  have  also  noticed  the  effect  which  Mr. 
Wild  and  Mr.  Dow  mention,  due  to  a  momentary  application  of  excess 
voltage  to  standard  lamps.  I  have  found,  however,  that  a  rise  in  candle 
power  by  no  means  always  occurs,  and  that  as  often  as  not  the  candle 
power  falls.  I  think  the  chief  difficulty  arising  from  making  candle- 
power  measurements  always  in  the  maximum  direction  is  that  under 
this  system  a  maker  could  reasonably  claim  that  the  candle  power 
of  his  lamp  should  be  measured  exactly  in  the  centre  of  one  of  the 
bright  bands  of  light  which  are  to  be  found  in  nearly  every  lamp.  Mr. 
Wild  has  probably  come  across  lamps,  as  I  have,  in  which  these  bands 
are  broadened  out  in  a  most  curious  way,  giving  large  areas  over  which 
the  illumination  is  about  25  per  cent,  brighter  than  over  the  other 
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Mr.  portions.    In  answer  to  his  comments  on  life  t«sts,  the  specification 

a  erion.  ^^^^  ^^^  ^^  ^^^^  ^  lamp  is  no  use  after  it  has  reached  exactly  80  per 
cent,  of  its  original  candle  power.  The  80  per  cent,  line  is  a  convenient 
one  for  the  purpose  of  testing  whether  one  filament  is  as  good  as 
another.  The  term  "  useful  life  "  must  not,  I  think,  be  taken  as  meaning 
too  literally  that  the  lamp  is  of  no  use  whatever  when  this  point  is 
reached. 

I  do  not  agree  with  Mr.  Wild's  objection  that  large  errors  are 
introduced  in  judging  when  a  batch  of  lamps  has  reached  the  80  per 
cent,  point.  In  the  first  place  only  five  lamps  are  tested  for  life  out  of 
a  large  consignment,  and  measurements  on  them  can  therefore  be 
made  accurately  and  check  readings  taken  at  the  end.  Secondly,  each 
loo-hour  point  during  the  life  test  represents,  on  the  average  curve, 
the  mean  of  five  lamps.  If,  further,  the  exceptional  case  happens  that 
the  life  curve  has  assumed  a  nearly  horizontal  direction  at  the  20  per 
cent.  line,  it  is  probable  that  the  batch  will  not  pass  under  Clause  13  of 
the  spiscification,  which  necessitates  that  the  mean  candle  power  during 
life  shall  not  fall  below  a  certain  value.  I  think  the  advantage  of 
testing  to  the  20  per  cent,  point  is  that  a  slightly  more  rapid  falling 
off  in  candle  power  will  make  a  relatively  greater  diminution  in  the 
useful  candle  hours.  These  are  guaranteed,  and  the  method  should 
therefore  be  an  incentive  to  a  high  average  candle  power.  The 
method  favours  what  I  think  is  a  desirable  system  of  buying  lamps 
on  a  basis  of  bonuses  and  penalties  according  as  the  candle  hour 
performance  is  good  or  bad.  The  point  which  }/Lt.  Wild  raises  as  ta 
differences  in  reduction  factors  is  a  real  one,  but  the  wide  limits  he 
has  taken  are  not,  I  think,  met  with  in  ordinary  Coiled  filament  lamps. 
Certain  differences,  however,  do  exist,  and  the  only  really  satisfactory 
method  is,  as  he  points  out,  to  measure  the  spherical  candle  power  of 
lamps.  I  cannot  help  feeling,  however,  that  if  this  had  been  put  into 
the  specification,  it  would  at  once  have  prevented  its  more  general  use 
in  commerce.  As  things  are  at  present,  makers  will  tend  to  adopt  that 
type  of  filament  which  throws  2  or  3  per  cent,  more  light  than  at  present 
in  a  horizontal  rather  than  in  a  vertical  direction.  This  can  be  no 
practical  disadvantage  to  the  user. 

Mr.  Harrison  suggests  a  light  standard  consisting  of  a  metal  filament 
of  given  resistance,  cross  section,  and  length.  I  think,  however,  he  will 
find  a  difficulty  in  reproducing  the  emissivity  of  such  filaments  to  the 
desired  degree  of  accuracy. 

I  agree  with  Mr.  Cooper  that  the  life  test  (under  the  specification) 
of  any  individual  lamp  is  a  test  rather  of  the  filament  than  of  the 
particular  lamp  in  question.  It  must  be  remembered,  however,  that 
it  is  a  test,  the  results  of  which  represent  what  the  average  perform- 
ance of  the  batch  will  be.  Assuming  that  the  lamps  in  a  consignment 
fall  about  equally  on  either  side  of  the  value  aimed  at  by  the  maker— 
that  is  to  say,  that  they  are  distributed  symmetrically  at>out  the  centre 
point  of  the  target — then  the  results  of  lamps  tested  for  life  at  definite 
watts  per  candle  will  represent  the  true  performance  of  the  average 
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lamp  of  the  wholi*  consignment.  The  initial  rating  test  ensures  Uiat  Mr, 
lamps  fall  reasonably  near  the  values  specified  i  the  life  test  proves  the  ^* 
'filament  and  vacuum,  I  think  what  a  consumer  of  lamps  watits  to 
know  is,  not  so  much  the  exact  life  which  a  lamp  will  give  when  run 
on  his  Circuit,  with  its  variable  voltage,  but  rather  whether  the  lamps 
lie  is  buying  are  really  of  high  grade  quality*  A  lamp  w*hich  is  better 
than  another  when  run  under  the  test  conditions  given  in  the  specifica^ 
tion  will  be  equally  better  when  run  on  a  circuit  with  variable  voltage, 
although,  of  course,  in  the  latter  case  the  life  of  neither  will  be  as  long 
as  when  run  under  test  conditions.  If  on  test,  lamps  with  the  inevitably 
wide  variation  in  efliciency  are  to  be  riin  at  marked  voltage  with  a 
varying  degree  of  pressure  fluctuation,  it  is  obviously  impossible  to 
specify  anything  detinite  as  regards  their  behaviour.  If,  however,  test 
conditions  are  specihed  which  are  perfectly  detinite^  although  tlieymay 
not  be  exactly  the  same  as  running  conditions,  yet  they  wiJl  ^hovv 
whether  lamps  are  of  high  grade  quality  or  not,  and  to  what  extent 
^y  will  or  will  not  give  the  best  possible  results  when  mn  on  the 
ercial  circuits, 

I  am  glad  that  Mr.  Wilson  has  spoken  so  plainly  about  the  way  in 
which  manufacturers  find  it  necessiiry  to  supply  lamps  which  are 
wrongly  marked  in  order  to  suit  both  the  buyer,  and  the  circuit  on 
which  the  lamps  arc  to  be  run.  I  cannot,  however,  agree  with  him 
that  this  is  any  reason  for  not  testing  lamps  or  supplying  to  speciti- 
i^tiou.  He  suggests  that  we  should  allow  important  matters  which 
concern  the  public  welfare  to  slide^  because  the  consumer  or  station 
engineer  re/uses  to  appreciate  that  parts  of  the  network  are  run  at 
5  or  lo  per  cent,  above  nominal  pressure.  This  is  surely  an  undesir- 
able course  to  take.  The  sooner  such  people,  if  there  are  any,  learn 
Ike  truth  and  have  to  face  the  facts,  the  better  wili  it  be  for  themselves, 
the  lamp-makers,  and  the  general  public.  If  no  lamps  can  be  bought 
biit  those  which  arc  what  they  are  supposed  to  be,  there  may  at  first 
be  trouble  in  some  quarters,  but  the  causes  will  be  investigated,  and 
when  appreciated  we  shall  be  netirer  the  desired  end  where  voltages 
ar«  graded  in  different  parts  of  a  district,  according  to  whether  they 
arc  near  to  or  far  away  from  a  feeding  point,  and  lamps  will  be  bought 
accordingly* 

I  am  much  interested  in  the  experiments  which  Mr,  Wig  ham  is 
carrying  out  of  testing  old  lamps  according  to  their  colour,  I  should 
have  thought^  however,  that  the  severe  blackening  which  frequently 
taLes  place  at  the  moment  of  failure  of  a  lamp  would  have  caused  the 
tests  to  come  out  very  much  in  favour  of  the  manufacturer,  as  in  this 
case  the  burnt-out  lamp  would  appear  from  its  colour  to  have  run 
longer  than  was  actually  the  case. 

In  reply  to  Mr.  Morris,  I  should  liardly  think  it  safe  to  assume  that 
the  large  bulb  standards  w^ould  last  for  as  lom^  as  he  suggests.  I  do 
not  venture  a  definite  opinion,  but  should  think  it  probable  that  thetr 
fiiil  m  cajidle  power  would  be  very  gradual,  but  that  failure  would 
eventually  take  place  due  to  a  short  length  of  the  filament  increasing 
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in  rcsi^itance.    It  looks  as  if  the  lamps  would  behave  very  differently, 
.itid  that  some  of  them  would  have  a  more  rapid  drop  than  others. 

I  agree  with  Mr.  Gaster  that  even  if  lamp  markings  are  only 
nominal,  as  is  asserted,  it  is  no  excuse  for  twad  rating.  Suppose  lamps 
are  supplied  for  a  210- volt  circtnt  but  tested  at  200  volts,  if  they  have 
been  properly  rated  at  210  volts  they  will  lie  equally  well  together  if 
tested  at  200  volts.  They  will,  of  course^  be  uniformly  low,  byt  will  not 
be  dotted  all  over  the  diagram,  as  is  the  case  with  many  types  shown  in 
Fig.  1^.  Mr.  Gaster  has  overlooked  one  fact  when  he  refers  to  the  life 
curves  of  the  lamps  tested.  He  suggests  that  an  under-run  lamp  starting 
at  II  or  12  candles  should  give  a  Ijetter  life  curve  than  the  ordinary 
16-candle  lamp  running  at  normal  and  higher  efficiency*  This  is,  d 
course,  true,  but  all  life  tests  shown  in  Figs*  15  and  i6  were  made^  «a/ 
at  marked  volts,  but  at  38  watts  per  candle  (initially).  They  were, 
of  course,  tested  on  the  tiench  at  marked  volts^  but  on  life  test  the  volts 
were  either  raised  or  lowered  to  bring  alt  to  a  uniform  efficiency* 
Hence  all  the  curves  are  strictly  comparable. 

I  wish,  in  spite  of  the  re;isons  Mr.  Rose  gives  for  not  entering  into 
details,  that  he  had  given  us  some  of  his  wide  experience  on  the 
question  of  the  production  of  vacua  and  the  effect  on  the  life  of  the 
lamps  of  slight  changes  in  the  degree  of  exhaustion  in  the  bulb.  It  i^ 
generally  realised,  of  courscj  that  if  the  vacuum  is  indifferent  it  will 
considerably  shorten  the  life  of  a  lamp,  but  I  know  of  no  data  gi^'ing 
results  of  comparative  tests  on  lamps  with  varying  degrees  of  good 
vacua.  If,  as  Mr.  Rose  suggests,  the  varied  performance  of  lamps  on 
life  lest  is  principally  due  to  different  degrees  of  exhaustion  in  the 
bulbs,  the  fact  is  one  which  deserves  much  more  attention  aid 
investigation  than  is  generally  bestowed  on  it. 

Regarding  the  over- running  tests  mentioned  by  Mr.  Dow,  I  have 
not  been  able  to  see  any  sign  of  a  prolonged  rise  in  candle  power 
such  as  he  experienced  with  his  lamps  in  1003.  The  over-run  lamps 
which  I  tested  were  measured  every  five  minutes  during  the  first  how 
and  seemed  to  go  through  the  same  cycle  of  operations  as  in  the  tat 
at  normal  volts,  only,  of  conrse,  in  a  much  shorter  time.  I  agree  witli 
Mr^  Dow  that  in  manj^  instances  it  is  better  to  measure  the  carrent 
iu  a  standard  than  the  voltage  across  it.  For  case  and  accuracy  of 
working,  however,  the  method  of  running  both  standards  and  com' 
parison  lamps  at  the  same  voltage  has  much  to  recommend  lU  In  the 
case  of  makes  D  and  F  (Figs.  11  and  12)  the  lamps  were  run  for  a 
time  before  I  had  them,  in  order  to  get  over  the  initial  rise.  As 
re^rds  the  effect  of  temperature  on  glow  lamps,  I  feel  some  diffident'c 
in  expressing  an  opinion  which  is  opposed  to  that  of  such  a  careful  experi- 
menter as  I  know  Mr,  Morris  to  be.  In  several  lamps,  however,  which  1 
have  gradually  raised  to  about  40"  C  I  have  not  been  able  lo  observe  the 
eiifect  which  he  found  and  published  in  rgoa,*    In  reply  to  the  question 

•  Sinc«  writing  this,  J^Icaf^ra.  Laportc  and  jounust  havt  showfi  me  the  neaulU  01 
^7me  expt^nmcnts  made  by  themselves,  in  which  they  ctmld  di^titiguifih  no  dlffereace 
in  tile  c«iiiil]e  power  of  a  glow  lanip^  ^Llthough  tliey  raised  its  ttmperatyr*  to  tl5^  C 


J 


190T.3    IJGHT  STANDARDS  AND  GLOW  LASIPS  r  DISCCSSION.   349 

of  life  tests  on  direct  and  alternating  currents.  I  have  not  ^ufiicient  Mn 
data  to  f^ive  an  exact  answer.  I  have,  however ^  run  lamps  on  a  direct-  P^t*"****- 
current  circuit  for  a  portion  of  their  life  and  then  changed  over  to 
as  low  a  frequt^ncy  as  25  rsj  in  order  to  j^ee  if  any  effect  was  observable. 
It  was  not  possible,  however,  to  tell  from  the  life  curves  where  the 
change  over  took  place.  I  regret,  also,  that  I  have  not  data  with 
reference  to  the  running  of  lamps  in  an  upright  or  pendant  position. 
The  fact  that  lamp-makers  do  not  mind  what  position  h  adopted  ^o 
long  as  it  is  not  within  45"'  of  the  horizontal  leads  me  to  suppose  that 
the  point  is  not  a  vital  one. 

The   PRF.&intEXT  :  The  members?  have  already,  I    think,  imiicale*!  The 
by  their  applause  their  thanks  to  Mr.  Paterson  for  his  paper,     I  will.    ^''^i^^^nL 
however^  put  the  motion  formally  *  that  the  thank>^  of  the  Institution  be 
a^ccorded  to  him  for  his  paper,  and  to  the  other  gentlemen  who  have 
contributed  to  make  the  paper  a  success. 

The  resoUttioii  of  thanks  was  carried  with  acclamation. 

The  following  paper  was  then  read  and  discussed  :— 
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COMPARATIVE  LIFE  TESTS  ON  CARBON,  N ERNST, 
AND  TANTALUM  INCANDESCENT  LAMPS 
USING  ALTERNATING  CURRENTS. 

By  H.  F,  HAWORTH,  Ph.D.  (Bale),  M,Sc,  (VictO.  B.  Eng. 

(LivO  ;  T.  H,  Matthewman,  B,  Eng*  (Liv.)  ;  and 

D.  H.  Oglev,  B.  Eng.  (Liv.) 

[Paper  read  Februaiy  7,  1907*) 

Iktroductiok,^ — Tests  on  Nenist  and  ordinary  incandescent  lamps 
have  been  mainly  confined  to  the  observation  of  their  working  on 
continyous-current  circuits,  and  the  study  of  the  behaviour  of  such 
lamps  with  alternating  currents  has  been  somewhat  neglected*  With 
a  view  to  determine  whether  the  working  0/  such  lamps  on  an  alter- 
nating-current circuit  was  in  any  degree  different  from  ihat  whea 
using  continuous  current,  a  series  of  tests  was  undertaken  in  two  parts, 
the  results  of  which  are  recorded  in  the  paper.  In  the  first  part  the 
design  of  the  automatic  regulator  is  dealt  with,  aod  some  prelinainary 
tests  are  described.  The  second  part  contains  an  account  of  a  more 
extended  series  of  comparative  tests* 

Part  T. 

Apparatus. — The  greatest  difficulty  in  making  life  tests  on  lamps 
is  to  keep  the  applied  voltage  constant,  since  if  this  is  not  done  the 
value  of  the  tests  is  comparatively  slight,  unless  the  actual  prtrsswe 
variations  are  recorded,  The  following  is  a  description  of  apparatu!^ 
specially  designed  and  made  for  these  tests  in  order  to  keep  the 
voltage  automatically  constant.  It  consists  first  of  a  dynamonaeter 
(see  Fig.  i)  the  fixed  coils  of  which  ha%'e  a  laminated  iron  core*  Above 
the  moving  coil  and  fixed  rigidly  to  it  is  a  lights  rigid  rectangular 
aluminium  frame  (see  Fig.  2).  Across  the  middle  of  this  rectangle 
a  phosphor-bronze  strip  G  F  is  stretched  horizontally  by  means  of  the 
spring  F,  and  on  to  the  centre  of  this  strip  a  light  aluminium  tube 
B  K  E  is  fixed;  B  K  being  3  inches  long  and  K  E  6  inches.  The  coil  h 
suspended  at  the  top  and  bottom  by  phosphor-bronxe  strips.  The 
bottom  strip  is  attached  to  the  dynamometer  base  by  a  spring  and  the 
top  one  to  a  bracket  which  carries  a  torsion  head.  This  coiJ  is  con- 
trolled by  a  light  steel  spring  fixed  at  one  end  to  the  aluminitim 
rectangle  and  at  the  other  to  the  torsion  head,  which  is  of  the  Siemens 
pattern,    The  bronze  strip  FG  acts  as  a  pivot  for  the  pointer  B  E,  and 
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eoables  it  to  move  up  and  down  as  jt  is  deflected  across  the  surface  of 
the  revolving  drum  (described  below)  :  the  end  of  the  pointer  thus 
makes  good  electrical  contact  in  all  positrons,  the  contact  pressure 
being  constant  and  depending  on  the  poj^ition  of  the  balance  weights 
attached  to  the  short  end  of  the  pointer. 

The  end  E  of  this  pointer  BE  moves  over  the  surface  of  a  revolving 
drum,  the  arrangement  being  similar  to  that  used  by  Mr.  S.  G.  Brown  ^ 
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in  his  drum  cable  relay.  This  drum  (Figs.  5  and  4)  has  two  wide 
sections  A  and  C  and  one  narrow  section  B. 

Contact  is  made  to  tlie  A  section  through  the  bearingSi  B  is 
insulated  from  A  and  C,  and  has  no  contacts ;  C  is  also  insulated, 
contact  being  made  through  a  springy  copper  brush. 

Wires  from  the  contacts  to  the  outer  sections  of  this  drum  run  to  a 
double  relay  in  the  manner  shown  in  Fig.  4.  The  armature  of  this 
relay  is  htted  up  as  a  reversing  switch,  contact  being  made  through 
mercury  cups. 

The  contact  piece  E  of  the  aluminium   dynamometer  pointer  is 
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made  of  black  lead  taken  fram  a  p^iiciL  Many  kinds  of  lead  pencil 
arc  unsuitable  for  making  good  contact,  and  the  right  kind  must  be 
found  by  experiment  This  blacklead  coniact  docs  not  pit  ihc  drum 
when  it  sparks  like  a  platinum  contact  does  (N.B. — The  drum  is  made 
of  brass),  and  it  is  much  lighter,  thus  reducing  the  time  o£  swing  of  th*: 
system. 
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Feg*  4. — Diagram  of  Connexions  of  Automatic  RegulatMr 


Contact  between  the  drum  and  pointer  is  facilitated  by  shunting 
condensers  across  tlie  revolving  contacts  (as  in  Ikir*  Brown's  dnim 
cable  relay  just  referred  to),  but  in  this  case  an  arrangement  of 
wires  and  mercury  cups  is  filled  to  the  relay  armature  l>y  nieajis  oi 
which,  when  the  relay  moves  slightly  owing  to  an  insuAiciently  good 
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drum  contact,  all  the  condensers  are  shunted  on  the  side  on  which  the 
dynamometer  pointer  is  trying  to  make  contact,  improving  it  and 
causing  the  relay  to  act  fully  (see  Fig.  4).  By  this  method  fewer 
condensers  are  used  to  make  good  contact,  or  having  a  given  number 
of  condensers  a  lighter  contact  pressure  may  be  used,  thus  reducing 
the  friction  between  the  drum  and  pointer  and  giving  greater 
quickness  of  action. 

The  relay  armature  primarily  controls  the  direction  of  rotation  of  a 
small  series-wound  electric  motor  (see  Figs.  5  and  6)  by  reversing  the 
armature  current.  This  motor  drives,  by  means  of  a  worm  gearing, 
an  iron  wire  resistance,  the  four  coils  of  which  are  fixed  to  four  discs 
which  are  attached  to  an  axle  as  shown.  These  four  coils  are  per- 
manently connected  in  series  and  rub  against  four  horizontal  brass 
brushes.  The  brush  on  the  first  coil  is  connected,  by  means  of  a 
flexible  lead  at  the  side,  to  the  beginning  of  the  second  coil,  and  the 
second  brush  is  connected  to  the  beginning  of  the  third  coil,  etc.  The 
result  is  that  when  the  drum  is  in  one  position  all  the  resistance  is  in 
circuit  between  the  two  opposite  terminals  of  the  system,  and  as  the 
drum  turns  the  resistance  is  gradually  diminished.  Current  for  these 
tests  was  taken  from  a  motor  generator  ;  the  exciting  current  of  the 
generator  was  sent  through  this  rotary  resistance  (4  ohms),  which  was 
calculated  to  give  a  no-load  voltage  variation  on  the  machine  of  about 
8  volts  either  way,  running  at  230  volts. 

The  working  of  this  system  is  as  follows : — 

The  alternator  P.D.  is  regulated  by  hand  till  the  required  value, 
230  volts,  is  reached.  The  torsion  head  of  the  dynamometer  is  turned 
until  the  dynamometer  pointer  contact  swings  on  to  the  centre 
neutral  section  of  the  drum,  and  is  then  switched  on  to  the  relay  and 
motor  resistance  circuits.  If  the  voltage  of  the  alternator  from  any 
cause  rises,  the  dynamometer  pointer  swings  on  to  a  live  section  of  the 
revolving  drum,  and  closes  the  relay  circuit  on  one  side,  bringing  the 
relay  armature  down  on  that  side  and  thus  closing,  through  mercury 
cups,  the  circuit  of  the  motor  driving  the  field  resistance  of  the 
alternator  (Figs.  5  and  6).  This  motor  is  set  so  as  to  revolve  in  such 
a  direction  that  the  field  resistance  is  increased,  thus  diminishing  the 
alternator  field  current  and  reducing  the  voltage. 

When  the  voltage  is  again  normal,  the  dynamometer  pointer  moves 
back  to  the  neutral  section  of  the  revolving  drum,  thus  breaking  the 
relay  circuit,  which  in  turn  breaks  the  motor  circuit  controlling  the 
field  resistance.  When  the  voltage  falls  the  reverse  of  this  series  of 
operations  takes  place,  the  pointer  swinging  to  the  other  side  of  its 
normal  position,  which  causes  the  other  side  of  the  relay  to  operate, 
and  drives  the  field  resistance  motor  in  such  a  direction  that  the  resist- 
ance is  cut  out,  thus  increasing  the  alternator  P.D. 

Thus  we  have  an  automatic,  accurate,  and  sensitive  method  for 

keeping  the  voltage  constant  during  life  tests  on  lamps.    This  method, 

of  course,  applies  equally  well  both  for  continuous  and  for  alternating 

currents  ;  the  difficulty  in  constructing  a  voltage  regulator  for  altema- 
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ting-current  work  usually  being  the  rather  weak  dynamometer  force 
available,  whereas  in  continuous  work  a  very  strong  field  might  have 
been  used,  obtained  either  by  permanent  or  separately  excited  electro- 
magnets, with  a  very  small  current  in  the  moving  coil.  It  is  obvious 
that  if  the  rotary  field  resistance  is  at  any  time  (when  totally  cut  out 
or  all  in)  insufficient  for  regulating  the  voltage  fluctuation,  the 
resistance  will  simply  keep  revolving  until  the  flexible  leads  at  the 
side  jam.  To  avoid  this,  a  five-point  switch  was  placed  at  the  side 
of  the  drum,  which  could  be  operated  by  stops  placed  on  the  outside 
disc  (see  Fig.  6).  These  five  contacts  were  connected  to  four 
resistance  coils  which  were  in  series  with  the  field  resistance. 
Normally  the  switch  arm  rested  on  the  centre  stop,  and  only  two 
coils  were  in  circuit. 

If  at  any  time  the  rotary  resistance  was  insufficient  for  regulation, 
one  of  the  stops  on  the  drum  would  push  the  switch  lever  over  so  that 
three  coils  were  then  in  circuit ;  this  would  probably  give  such  regula- 
tion that  the  drum  would  return  to  its  midway  position.  If  this  was 
insufficient  four  coils  would  be  put  in.  The  reverse  of  this  takes  place 
when  the  field  resistance  is  too  big.  Coils  are  then  cut  out  by  the 
other  stop. 

The  alternator  field  current  also  passes  through  a  small  safety  relay 
^see  Fig.  6).  This  relay  closes,  through  two  mercury  cups,  the  battery 
•circuit  on  to  the  dynamometer  (see  Fig.  4),  pointer,  and  controlling 
relay.  Thus  it  will  t>e  seen  that  if  the  total  regulation  of  the  field 
resistance  and  emergency  coils  is  insufficient,  through  a  big  fluctuation 
^f  the  accumulators  supplying  the  exciting  circuit,  through  breakage  of 
any  wires,  or  through  accidental  stoppage  of  the  motor-generator  from 
any  cause,  the  regulating  gear  is  automatically  put  out  of  action  by 
the  rising  of  the  safety  relay  armature  through  either  having  no  field 
•current  through  it  or  having  its  current  switched  oflF  by  the  drum 
resistance  at  the  ^ve-point  switch.  Thus  the  dynamometer  relay 
circuit  is  broken  and  the  lamps  are  switched  off. 

The  dynamometer,  relay,  and  revolving  drum  are  placed  in  a  glass 
case  to  protect  the  instrument  from  draughts  and  dirt,  and  the  revolving 
drum  is  driven  through  a  flexible  piece  of  shafting  by  a  small  electric 
motor  placed  outside  the  case.  The  dynamometer  coils  of  about 
250  ohms  resistance  were  placed  in  series  with  an  oil-cooled  manganin 
•  resistance  of  2,500  ohms. 

To  obtain  the  varying  voltage  for  the  tests  described  in  Part  II.  a 
rotary  resistance  was  made  which  could  be  gradually  introduced  and 
taken  out  of  the  main  circuit,  so  that  the  voltage  across  the  lamps  fell 
from  240  to  230,  and  then  rose  to  240  volts  again. 

The  resistance  consisted  of  three  continuous  iron  wire  spirals  wound 
on  three  wooden  drums  (see  Fig.  7).  To  a  point  on  each  spiral  a 
slip*ring  was  connected.  On  each  slip-ring  a  brush  pressed,  and  each 
spiral  pressed  against  a  brush.  The  slip-ring  of  one  spiral  was  con- 
nected to  the  brush  of  the  next  spiral.  The  figures  show  the  positions 
of  maximum  and  minimum  resistance.    One  rotation  every  two  minutes 
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was  produced  by  an  electric  motor,  which  drove  through  belts  and 
pulleys. 

Description  of  Lamp  Holder. — In  Part  L  the  lamps  under  test  (Nernst 
lamps  i  ampere  and  incandescent  lamps  by  different  makers)  were 
placed  in  a  circular  block  wooden  drum  28  inches  in  diameter  and 
10  inches  deep.  This  drum  was  divided  into  fifteen  sections  by  iron 
partitions,  and  each  section  held  a  lamp.  The  drum  was  fixed  on  a 
vertical  axle- and  was  capable  of  rotation.  It  was  surrounded  by  a  thick 
black  curtain,  which  could  be  arranged  to  cover  all  the  sections  except 
one,  so  that  the  candle  power  of  the  lamp  in  that  section  might  be 
measured. 

Each  lamp  had  to  be  arranged  so  that  the  current  passing  through 
it  could  be  measured,  and  the  voltage  across  the  glower  of  each 


Maximum     re&iabance. 


Minimum      resistance. 
Fig.  7. 

Nernst  lamp  was  also  determined.  To  measure  these  quantities  with 
the  minimum  number  of  wires,  the  following  mercury  switch  gear  was 
devised  (Fig.  8)  :— 

C  C  C  is  a  ring  of  mercury  connected  to  one  of  the  mains  C.  L  is 
the  other  main,  and  it  is  permanently  connected  to  one  terminal  of 
each  lamp  LI^  L.  B  B  B  are  cups  filled  with  mercury,  each  of  which 
is  connec^d  to  the  terminal  of  a  lamp  L  L  L.  The  mercury  cup  A  in 
the  centre  of  the  switch  is  connected  to  one  terminal  of  a  double  scale 
ammeter  A,  the  other  terminal  of  which  is  connected  to  the  main  C. 
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Normally  all  the  mercury  cups  BBB  are  connected  to  the  outer 
mercury  ring  C  C  C,  thus  shunting  the  lamps  directly  across  the  mains. 
The  connectors  are  pieces  of  copper  wire  with  ebonite  handles  to  lift 
them  up  with  (see  Fig.  8). 

To  find  the  current  taken  by  any  lamp,  another  connector  is  placed 
from  (say)  B  i  to  A,  the  centre  mercury  cup.  The  current  is  now 
flowing  to  this  lamp  partly  through  the  ammeter  and  partly  through 
the  other  main  C.  The  connector  from  B  i  to  the  outer  ring  of 
mercury  is  then  removed,  and  all  the  current  to  the  lamp  now  passes 
through  the  ammeter;  no  current  is  interrupted  in  doing  this;  the 
lamp  is  continually  alight,  and  there  is  no  voltage  fluctuation.  To  dis- 
connect the  lamp  from  the  ammeter  these  operations  are  reversed.  This 


Connector  to- 
tuBtaxry  vMritch- 


Wiring-  of  l<unp&  on  drum 
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Fig.  8. 


switch  is  oil  insulated  and  placed  on  top  of  the  lamp  drum  with  the 
glower  voltmeter  switch.  It  is  a  four-way  mercury  switch,  three  of 
the  cups  of  which  are  connected  to  the  top  contacts  of  the  glowers. 
By  these  methods  of  wiring  only  four  wires  are  needed  to  the  revolving 
lamp  drum. 

In  the  use  of  the  tests  described  in  Part  II.  the  lamps  to  be  tested 
were  mounted  on  an  open  wooden  ring  4  feet  6  inches  in  diameter, 
which  could  turn  about  a  vertical  axis.  This  ring  was  placed  in  a 
well-ventilated,  partitioned-off  part  of  the  photometer  room. 

To  test  any  lamp  it  was  brought  in  front  of  a  hole  in  the  partition 
and  was  isolated  from  the  other  lamps  by  a  semi-cylindncal  shutter  so 
that  it  could  be  photometered. 

Instruments, — The  ammeter  used  was  a  Johnson  and  Phillips*  hot- 
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ire  instrument  with  two  scales^  one  reading  to  03  ampere  and  the 
^Ifaer  to  I  ampere.     The  scales  were  changed  by  switching  a  resistance 
or  out  by  a  double  two-way  switch.    The  voltmeter  used  was  a 
thin  standard  multicellular  instrument. 

Photometric   measurements   were,   of    course^   made    without    the 

imetcr    in    circuit    The   photometric   equipment    consisted   of    a 

*ummer-Brodhun  photometer^  a  bench  355  cm.  long,  a  2 -can die  power 

rgaad  burner  and  Meth%*en  screen  used  as  a  working  stand ard^  and  a 

iTernon    HarcotJrt   lo-candle  power  standard  pent; me  lamp  used  as 

primary  standard. 

In  Part  IL  a  large  bulb  Ediswan  standard  incandescent  lamp  was 
ed  as  a  working  standard  of  light.    Its  voltage  was  35  and  candle 
»wer  18;* 
The  voltage  applied  to  the  standard  lamp  was  checked  with  a 
>ott-ntiomcter, 

Thti  incandescent  lamps  were  first    tested   in  different  horizontal 
rection^^  and  the  mean  horizontal  candle  power  was  calculated. 

The  hght  from  the  lamps  was  measmed  during  the  life  tests  in  one 

Sirection^ usually  that  of  maximum  illumination— and  it  was  assumed 

at  the  ratio  of  mean  candle  power  to  the  candle  power  in  this  direc- 

Dn  remained  constant*    This  was  checked  in  several  cases,  with  satis- 

tory  results* 

In  the  case  of  the  Nernst  lamps  the  above  determination  was  not 
Ic  for  each  burnerj  as  the  filament  was  vertical  in  the  ^ampere  type, 
(Id  the  illumination  is  sensibly  the  same  iu  all  directions. 

VcntilaUon. — The  ventilation  qf  the  photometric  room  was  assisted 
Sy  an  electric  fan, 

Frr^tf€^«cy.— The  frequency   was  kept  constant  at  50   by  altering 
llht"   field   resistance   of   the   driving  motor   when   necessary.     Varia- 
'  lions    in    frequency    were    observed    with    a   Campbell's    frequency 
indicator. 

time, — Time  of  tests  was  indicated  by  an  electric  clock,  which  was 
switched  into  the  alternator  field  circuit  as  soon  as  the  lamps  were 
connected,  and  switched  off  when  the  main  circuit  through  the  lamps 
I  %as  broken. 


QuAXTiTJES  Measured. 

1,  Time  of  observation  from  the  beginning  of  run. 

2,  Current  L^ken  by  lamp, 

3,  Voltage  on  glowers  in  Part  I, 

4,  Candle  power  of  lamp  (compared  with  Methven  screen  in  Part  I. 
f^and  with  standard  Ediswan  lamp  in  Part  II.). 

5,  Candle  power  of  Methven  screen  compared  with  Vernon  Har- 
j  court  pentane  lamp,  and  candle  power  of  Ediswan  standard  also 
Lcomparcd  with  Vernon  Harcourt  pentane  lamp. 

*  For  a  ttcec^riptioii  of  this  standard  aee  Dr.  Flemi tig's  paper,  J&umal  ImUtHtimi 
f  Ekcihcul  Engintxr^  vol.  3 J,  1903,  p.  I  nj. 
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TABLE  I. 
N ERNST  Lamps. 


1 


2: 


O  3 
««  0 
ox 


V  u 


« «; 


i5'8  57*44  2-o8 

26-0  5347  21 1 

38-0  54' 14  2-22 

42*8  57'cx>  2*cx> 

520  5886  I  I  92 

6i'o  65'cx)  170 

617  5478  209 

1355  5320  204 

147*0  48*70  2*03 


W^TS      I     tJX 


10    Alive  at    43*18  ,   2*38 

220*0 


1,912  ; 
2,925  ' 

4,680  ' 
4,870  : 
5,872  I 
6,750  ! 
7,072  , 

14,700 

I 
16,500  i 

i 
22,641 


919 
1,390 

2,080  , 
2,450 

3,060  i 
3,960  } 
3.380 
7,200 
7,160' 
9.500  j 


Breakaf^cs.  etc 


Top  contact  of  glower 
fused. 

Top  contact  of  glower 
fused  and  ballasting  , 
resistance  fused. 

Same  as  2.  | 

Bottom      contact      of 

glower  fused. 
Top  contact  of  glower 

fused. 
Glower  broke. 

Bottom  platinum  wire 

contact  fused. 
Same  as  7. 

Same  as  7.  Also  iron 
resistance  fused. 

Glower  still  alive.  Iron 
resistance  fused. 


Hourv. 


3  A 

3A 
19  B 
3oB 

li 


\l 


^4 
III 

13  E 

to/ 

II  i 

12/ 

lol 


W.P.C 


13  J 

Hi 

I 

2 


41  i 

27] 

a6 


7'20 


6*40 

5*90 
650 


540 

5H7 


6*50 
7' 2 1 
676 


510 


fro8 
6- 10 

6^60 


Average 
Watt!  per 


6-65 

6' 10 
6' 10 


471 

671 
4*26 

S'04 

5*08 
37*^ 


4'6i 
4*80 
475 

5'34 

5'5o 
4'3o 
4^00 


Eiterpy 
«uttpUed 


4^08 

4*50 
4-98 

5^08 


4*60 
S'6o 
8-30 
3'6o 
6 '00 

5-85 

490 

5-24 


6660 

59-20 

6770 

4H00 

56-10 

'33'50 

1 29*50 

138^:50 

108*00 

2430 


CandJe- 
Koure  TotaL 


60'JO 
67^90 

52-40 

5420 

124*00 

131*00 
124*50 

rrio 
100*00 


57 10 
23  "50 

4570 
48^60 

l23'IO 
126*00 
12270 
105-00 
109-20 


55*00 
53*80 

Sio 
49'oo 
126*00 
118*20 
135-00 
9990 
100*00 


>4*05o 

It. 300 
10,080 
11,360 
13*130 
25700 
25,700 
25.600 

^1.350 
6,440 


13,040 
14,160 
11,050 
4-390 
i3,*po 
23,180 

2i,020 

22,680 

2,570 
26,450 


13,120 

5-770 

12|26o 

9.950 
11720 

231630 
24,800 
22,600 

19,320 

23a2«> 


I2,O0O 

9,600 

970 

t3-J2o 
21,000 
20,200 
25.500 
20^370 
191I50 


i 

Q    KOUTH. 

W.F.C 

Average 
Walts  per 

Candle. 

Energy 
SuppLEcd 

Dindk- 
HoUTH  TataL 

ig. 

673 

590 

129*5 

21,900 

30  J 

6*12 

5'34 

125'J 

23,400      j 

21  i 

5'47 

4^5 

IlI'I 

ai: 

1      — 

5'8r 

lot'O 

19,67a     ; 

22  \ 

1      — 

477 

22,640     1 

22  J 

57^ 

JS 

53'0 

1 0,000 

24. 

5*25 

62-6 

13,060 

23 

— 

523 

55'o 

10*550 

24 

4'22 

SO'9 

12,000 

^i; 

1'^ 

670 

S'oo 

570 

57^ 

55-1 

sH 

522 

11400 

g,6go 

11 

frjS 

IS 

10760 
9,380 

-^ 

5'2o 

487 

9460 

28  J 

6\^o 

C82 
873 

io6"o 

18,100 

30  J 

8*65 

107's 

12,300 

51 

— 

442 

990 

22,390 

61 

~ 

4-32 

971 

22,540    1 

3' J 

1  5-54 

475 

658 

13,840 

3' J 

,    S'37 

470 

fi4-5 

i^t^ 

33' 

j    5"9a 

5'io 

^4'S 

12,650 

is: 

1 

600 

S5'8 

10,000 

16] 

1          

4-50 

5I-0 

11,370 

34  J 

5-96 

1^ 

U5^o 

52,300 

35  J 

'        6*05 

114-5 
1 1 6-5 

22,550 

36  J 

680 

5'5o 

2M0O 

13* 

^ 

5'20 

96*0 

i8,i;oo 

4l 



4^80 

965 

18,700 
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Comparison  of  Results  of  Tests,  Part  L — ^A  comparison  of  the 
average  results  of  Tables  L  and  IL  shows  a  saving  of  57  per  cent,  in 
watts  per  candle  in  favour  of  the  Nernst  lamp.  The  percentage  saving 
in  cost  is  much  less  than  the  percentage  saving  in  energy  on  account  of 
the  frequent  and  expensive  renewal  of  glowers  and  iron  resistances. 
Against  the  saving  in  cost  we  must  place — 

1.  The  much  higher  capital  outlay  on  the  lamp. 

2.  The  large  sizes  in  which  it  is  manufactured. 

3.  The  time  it  takes  to  light. 

4.  The  erratic  life  of  the  glowers. 

In  reading  the  al>ove  figures  it  must  be  remembered  that  these  tests 
are  made  with  alternating  currents,  and  that  the  Nernst  lamp  appears 
to  work  much  better  with  continuous  current. 

Part  II. 

These  tests  were  divided  into  three  series  : — 

1.  Lamps  run  on  their  constant  normal  voltage  (230).  Duration  of 
test,  1,000  hours. 

2.  Lamps  run  on  a  constant  voltage  (240),  about  5  per  cent,  above 
normal.    Duration  of  test,  750  hours. 

3.  Lamps  run  on  a  voltage  varying  continually  between  230  and 
240  volts,  the  variation  having  a  period  of  two  minutes. 

The  lamps  were  run  continuously  from  Monday  until  Saturday, 
a  period  of  120  hours  at  a  time. 

Some  of  the  results  obtained  are  represented  graphically  by  the 
curves  in  the  accompanying  diagrams,  and  the  average  values  of 
candle  power  and  watts  per  candle,  together  with  figures  for  energy 
supplied  and  candle  hours,  are  given  in  Tables  III.,  IV.,  and  V. 

The  curves  are  arranged  in  two  sets,  A  and  B.  The  A  set  includes 
the  lamps  tested  at  a  constant  pressure  of  230  volts,  and  the  B  set  the 
lamps  on  a  constant  pressure  of  240  volts,  also  on  a  pressure  varying 
between  230  and  240  volts.  Curves  for  lamps  of  one  make  will  be 
found  together  on  the  same  diagram,  and  the  figures  corresponding  to 
these  are  tabulated  together. 

In  the  first  series  of  tests  six  lamps,  three  16  c.p.  and  three  32  c.p., 
of  each  kind  were  tested,  except  tantalum  lamps,  in  which  case  two 
1 15- volt  lamps  were  placed  in  series.  The  Nernst  lamps  used  were 
245  volts,  0*25  ampere,  this  being  the  usual  type  of  lamp  supplied  for 
use  on  the  230-volt  mains  in  Liverpool.  The  Nernst  lamps  were 
marked  225  volts  on  the  filament  and  20  on  the  ballasting  resistance, 
so  that  it  would  appear  that  they  should  be  run  on  245  volts,  and  it  was 
found  that  they  gave  better  results  on  the  240  than  on  the  230-volt 
circuit,  yet  they  were  the  lamps  sold  for  use  on  the  230- volt  mains  at 
Liverpool. 

In  the  second  and  third  series  of  tests  two  lamps,  one  16  c.p.  and 
one  32  c.p.,  of  each  make  were  employed. 

In  all  cases  the  frequency  of  supply  was  50. 
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Fig.  9.— Carbon  Lamp  13  A.    Volts  constant,  230. 


La>fn£^3oA.  Wditba  par  c^dl^ 


.afi  A.  W<:  >•«--    r^^  canaie,. 


Fig.  id. — Carbon  Lamps  28  A  and  30  A.    Volts  constant,  230. 
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Fig.  II. — Carbon  Lamp  34  A.    Volts  constant,  230. 
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General  CoxcLUstoKs.^In  Table  L  the  voltage  across  the  glowers 
was  mlso  measured.    The  glower  voUage  always  increases  with  time. 

In  case  2  it  rose  from  195^0  to  308  volts  in  26  hours  ^   \  volt  per  hour. 


3 

jt 

202*0  to  212 

r    43 

.   =  i 

6 

tt 

20I-O  to  216 

.    60 

..   =  i 

8 

*t 

199*0  to  217 

1  ^35 

n        =/l 

9 

li 

soo'o  to  207 

»  147 

it       ^  IT 

10 

ir 

201  "5  to  2t6 

,   220 

Now  this  increase  of  %'oltage  on  the  glower  is  not  due  to  anv  ageing 
of  the  ballasting  resistance^  for  when  a  new  resistance  was  put  in  in 
the  middle  of  a  run  due  to  failure  of  the  previous  onej  this  increase  of 
voltage  was  maintained,  and  there  was  no  initial  reduction  of  voltage 
due  to  the  new  resistance. 

This  increase  in  resistance  of  the  glower  is  therefore  due  to  altera- 
tion in  the  glower  itself  and  to  deterioration  of  its  metallic  contacts, 
and  it  is  interesting  to  note  that  the  faster  the  resistance  of  the  glower 
increases  the  shorter  its  life. 

Referring  to  the  tests  on  carbon  lamps,  the  following  points  may 
be  mentioned  :^ 

The  4  watts  per  candle  lamp  is  generally  the  exception  on  alter- 
nating-current lamps. 

The  cost  of  an  incandescent  lamp  is  an  extremely  small  item  in  the 
cost  of  lighting  compared  with  the  expenditure  for  energy,  and  should 
not  be  considered  in  buying  a  lamp. 

The  point  to  be  considered  is.  What  average  watts  per  candle  will 
the  maker  gHarankt? 

In  the  majority  of  cases  when  used  with  alternating  currents  incan- 
descent lamps  do  not  give  their  proper  candle  power,  and  usually  no 
two  lamps  made  and  calibrated  by  the  same  maker  will  agree  either 
with  themselves  or  with  their  reputed  candle  power.  Also  with  some 
makers  the  small  size  lamps  are  good  and  the  large  ones  very  bad. 

In  nearly  all  cases  there  was  a  rise  in  candle  power  after  the  begin- 
ning of  the  run. 

With  carbon  and  tantalum  lamps  the  maximum  was  obtained 
within  2$  to  30  hours,  while  with  theNernst  Umpsthe  rise  was  evident, 
but  not  so  appreciable  as  with  the  former. 

The  current  also  rose  to  a  maximum,  but  reached  this  value  later» 

In  the  case  of  the  higher  voltage  tests  these  maxima  were  reached 
earlier* 

The  lamps  of  one  make  in  which  the  candle  power  attained  the 
highest  value  in  their  group  often  fell  off  most  rapidly,  and  were  the 
lowest  in  value  at  the  end  of  the  test  (see  Curves). 

Breakages  generally  took  place  when,  after  a  long  ruDi  the  lamps 
were  sw-itched  oflf  on  Saturday  for  the  week-end.  This  would  seem  to 
be  due  to  the  contraction  during  cooling,  the  filament  breaking  when 
it  had  become  weakened  by  long  burning. 
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Fig.  13.— Ncrnst  Lamps  39  A,  40  A  and  40  B.    Volts  constant,  230. 
(39  A  and  40  A,  Opal  globes  ;  40  B,  Clear  globe.) 
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The  lamps  tested  were  Hrush^Vienna,  B,T*-H.  Edison,  Ediswan, 
Nernst,  Pope,  Premier,  Robertson,  Sunbeam,  Maxim,  Behrendj  and 
Tantalum. 


^  Owing  to  the  great  number  of  tests  only  a  few  typical  curves  are 

given,  and  the  chief  details  of  the  original  curves  are  given  In  the 
table. 


:„  X^fJ  ZOO 

^    '^  Hours. 

Fig.  i6.— Tanlalam  Lamp^^"  '     '^  and  35  B.  Volts  constant^  240  ; 
34  B  and  36  B,  Vc  J*  varylugt  330-240. 
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CURV£S« 

IHagram,  fig,  q. — Curve  13  A  is  typical  of  a  carbon  kmp  run  it 
normal  voltag[e. 

Diagram,  fig.  10, — Curves  28  A  and  30  A  are  of  bad  Jamps* 

Diagram,  fig.  11. —34  A  is  characteristic  of  a  class  of  Isimps  which 
start  very  weJI  and  finish  badiy. 

Diagram,  fig,  12,^44  A  '^  ^  typical  j2-c.p.  iainp,  sta^rtin^  about 
23  c.p.  and  depreciating  very  slowly* 

Dtagram,  Fig.  13, — 39  A^  40  A.  and  40  B  are  Nernst  lamp  curves. 

Diagram t  Fig.  14.^5  B  and  6  B  arc  typical  curves  of  two  sioailar 
lamp^»  00c  overrun  at  240  volts  and  the  other  on  vohage  varj'ing  horn 
230  normal  to  340  volts.  It  will  be  noticed  that  the  two  curves  ctmi 
one  another  about  half-way  through  the  test;  this  was  characteristic  of 
most  of  the  curves  made  in  t!ni>  manner.  Generally  speaking  the 
efficiencies  work  out  nearly  the  same  in  both  cases. 

Diagram  J  Fig.  15. — 13  B  and  14  B  arc  also  iilustrative  of  this  point 

Diagram,  fig,  16, — 33  B  and  35  B  arc  tantalum  lamps  overrun  at  240 
volts  \  34  B  and  36  B  are  tantalum  lamps  on  voltage  varying  betwecii 
240  and  230. 

The  average  of  '*  tlie  average  watts  per  candle  '*  for  the  sevciit)* 
carbon  lamps  tested  is  4'86 :  for  the  eight  ^-ampere  Ncrrnst  lamps 
tested  this  average  is  4*14,  and  for  the  six  tantalum  lamps  rgj. 

The  ordinary  ^-ampere  Nernst  lamp  of  commerce  is  thus  about  15 
per  cent,  belter  than  the  average  carbon  lamp,  while  its  life  is  about 
560  hours. 

The  average  consumption  of  the  tantalum  lamps  tested  was  60 
cent,  less  than  that  of  the  carbon  lamps,  and  their  lives  were  on 
average  330  hours  ;  doubtless  the  tantalum  lamps  made  now  willgirf 
much  longer  lives  than  these. 

Though  the  tantalum  lamps,  even  on  these  few  tests,  show  a  much 
better  efficiency  than  the  carbon  lamps^  the  makers  of  carbon  lamps— 
feehng  the  competition  of  the  new  metal  filament  lamps— wilU  without 
doubt,  vigorously  turn  their  attention  to  the  production  of  a  2- watt  per 
candle  carbon  lamp. 

This  research  was  carried  out  at  the  University,  Liverpool  ;  the  first 
part,  including  the  design  of  the  automatic  regulator,  the  preliminor}' 
tests,  results  of  which  are  given  in  Tables  L  and  11, ,  being  carried  out 
by  H.  F.  Haworth  in  the  old  electro  technical  laboratories  ;  and  the 
second,  including  Tables  III.  and  onwards,  was  carried  out  by  T.  H* 
Matthcwman  and  D.  H.  Ogley  in  the  new  clcctrotcchnical  labora- 
tories of  the  University. 

In  conclusion,  the  authors  wish  to  eicpress  their  sincere  tlianks 
indebtedness  to  Professor  Marchant  for  his  encouragement  and  1 
able  help  during  the  progress  of  the  above  work. 
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Ayrton* 


Pateiioii, 


DlSCUSSIOX. 

Professor  Ayhtox  :  I  would  like  to  ask  Dr.  Hawortli  what  was  the 
sensibility  of  his  regulator.  That  was  tiot  mentioned  in  the  paper. 
'We  know  that  to  make  an  alternate  pressure  regulator  is  a  much  more 
difficult  problem  than  to  construct  a  direct  pressure  regulatorj  because 
as  a  rule  the  forces  to  be  dealt  with  arc  so  much  smaller,  Mr,  Pater  son 
'made  a  regulator,  which  is  described  in  his  paper,  which  kept  the 
pressure  constant  to  i  per  cent.  I  should  therefore  like  to  know  what 
?the  sensibility  of  Dr.  Haworth*s  regulator  is. 

\      Mn  C.  C*  Pater  so. V  :  I  think  Dr.  Ha  worth  has  given  us  particulars 

'pi  a  number  of  very  interesting  and  valuable  tests  in  his  paperi  but  I 

jshould  like  to  ask  one  or  two  questions.     First  of   all^  how  was  the 

fcandle  power  of  the  Nernst  lamps  determined  for  the  purpose  of  these 

compaiisons  ?    Was  the  maximtim  spherical,  or  hemispherical  candle 

power  taken  ?    On  the  last  page  the  author  draws  a  companson  bvtwTen 

the  results  of  et^ciency  tests  on  carbon  lamps  and  on  Ncrnst  lamps. 

One  always  finds  these  comparisons  on  the  basis  of  candle  power  very 

difficult  to  make,  because  the  Nernst  lamp  throws  nearly  all  its  light 

in  one  direction.   As  regards  the  comparison  shown  in  the  curves  in  tigs. 

14  and  15,  where  tests  are  made  on  fluctuating  and  steady  voltages,  I 

should  hke  to  point  out  that  in  Fig,  15  the  author  has  plotted  two  life 

curves  of  lamps,  one  of  which  has  an  inefRciency  of  4'!  watts  per  candle 

power,  and  the  other  yi.    Those  two  lamps  under  normal  conditions 

would  have  a  very  wide  variation  of  hfe.     The  curves  in  the  other  cas*; 

fe  marked  3*8  watts  per  candle,  and  although  one  has  a  very  slight 
,  which  would  increase  its  efficiency  rather  more  than  the  other  one, 
yet  they  are  probably  comparable. 

In  his  table  the  author  gives  figures  for  the  length  of  life  of  different 
lamps,  but  I  should  be  interested  to  know  if  he  could  give  us  any  infor- 
mation as  to  the  length  of  life  of  the  lamps  of  different  makers  run  at 
the  same  efficiency  and  on  the  two  voltages  which  he  mentions.  He 
tnade  some  tests  at  230  and  some  at  240  volts.  If  we  could  get  com^ 
parative  tests  between  tamps  of  the  siiinc  efficiency  and  of  different 
makes  run  at  those  two  voltages,  they  would  be  exceedingly  valuable, 
because  it  would  help  us  in  the  problem  of  shortening  life  tests  and 
finding  out  whether  it  is  possible  to  run  lamps  at  a  higher  efficiency 
than  that  for  which  they  are  rated  and  deducing  from  the  results  what 
would  be  the  life  if  run  under  normal  conditions. 

;  Mr.  j,  T.  Mokris  :  With  regard  to  the  cause  of  the  shortened  life  of  Mr  Moft^ 
tantalum  lamps  on  alternating  circuits  as  compared  with  direct  circuits^ 
it  seems  probable  that  this  is  due^  as  I  have  elsewhere  suggested,  to 
cyclic  changes  tn  the  length  of  the  HlauTent  during  each  period  of  the 
alternating  current.  While  the  lamp  is  at  work  it  is  known  that  the 
candle  power  Huctuates  during  each  cycle,  and  in  consequence  the  fila- 
ment must  expand  and  contract,  I  imagine  the  breaking  is  comparable 
I  to  tlial  of  a  bar  which  is  subjected  to  repeated  alterations  of  stress. 

Mr.  W.  H,  Fatchell:  With  regard  to  the  point  raised  by  Mn 
Paterson,  I  should  like  to  say  that,  when  Dr.  Sharp  was  showing  mc 
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over  the  Electrical  Testing  Laboratories  in  New  York^  I  distinctly 
gathered  from  him  that  he  could  tell  the  life  of  a  lamp  by  overntnniflg 
it.  He  had  made  so  many  test  curves  that  he  could  definitely  fix  what 
the  life  of  a  lamp  under  ordinary  conditions  would  be  if  he  rai«;ed  the 
testing  pressure.  On  the  que^^tion  of  tantalum  lamps,  it  is  us^jfuJ, 
when  working  on  a  subjcctf  to  look  from  one  paper  to  anottier;  and 
people  who  are  looking  throuf^h  the  discussion  afterwards  may  be  glad 
of  a  reference  to  the  National  Electric  Light  Association's  Con%'ention, 
held  at  Atlantic  City  in  June  of  last  year^  the  Proceedings  of  which  have 
been  published.  J,  W.  Howell's  paper^  read  before  the  Amcriran 
Institute  of  Electrical  Engineers,  has  already  been  referred  to  by  the 
author.  In  the  Proce€dhigs  of  the  Atlantic  City  Convention  there 
appeared  a  photograph  of  the  tantahmi  lamp  filament,  showing  that 
it  looks  like  a  child's  bead  necklace^  as  was  shown  by  Profe,ssor 
Thompson^  and  also  a  month  or  tw^o  earlier  by  Dr*  Sharp.  I  believe 
the  peculiar  structure  utis  published  for  the  first  time  at  the  Atianfic 
City  Convention. 

Mr*  A*  CAMFBliLL :  With  regard  to  the  very  interesting  effect  th^t 
Dr.  Ha  worth  mentions  in  connection  with  the  tantalum  lamp,  that  k 
to  say  J  the  shivering  or  shuddering  that  occurs  at  times,  is  he  quite 
sure  that  it  has  nothing  to  do  with  anything  in  the  rest  of  the  circuit  ? 
I  take  it  that  the  circuit  was  used  exclusively  for  running  the  bmp* 
from  the  alternator  itself,  and  therefore  that  he  has  good  proof  ttol 
there  w^aa  no  high-frequency  oscillation  set  up  by  external  capacity  and 
inductance.  If  it  is  something  quite  independent  of  the  circuit  it 
seems  to  me  that  ft  may  be  connected  w^ith  the  effects  of  crystailisation, 
such  as  were  shown  by  Dr*  Silvan  us  Thompson's  microphoto^aph^ 
Perhaps  Dr.  Ha  worth  can  throw  some  further  light  on  it. 

Mr.  C,  P.  Sparks  :  There  is  one  fact  I  should  like  to  metitioii, 
namely,  the  bearing  of  price  on  the  deterioration  in  the  quality  of 
lamps  supplied  during  the  last  few  years.  We  now  expect  to  get 
for  a  very  low  figure  a  better  lamp  than  wc  did  years  ago^  when  the 
high  price  allowed  a  larger  percentage  of  lamps  being  rejected.  If 
the  pubhc  want  a  better  lamp^  it  can  be  produced  at  a  higher  cost, 
but  the  cheap  lamp  seems  to  suit  the  British  public  at  the  present 
moment.  You  cannot  expect  to  get  the  same  results  from  these  cheip 
lamps  that  were  obtained  with  more  expensive  lamps  a  few  years  ago. 

Mr.  Leon  Gaster  :  I  think  that  the  results  obtained  by  the  authors 
of  this  paper,  confirm  those  obtained  by  other  investigators,  namebt 
that  the  present  high -voltage  carbon  glow  lamps  bought  in  the  open 
market  are  of  very  unsatisfactory  quality*  and  leave  plenty  of  room  for 
improvement.  There  is  no  doubt  that  the  excessive  variation  d 
voltage  existing  in  the  supply  circuits  has  a  good  deal  to  do  with  the 
unsatisfactory  illumination  obtained.  The  automatic  voltage  regulator 
used  by  the  authors  for  making  the  life  test  is  a  very  useful  apparatti^ 
I  should  venture  to  think  that  there  ought  to  be  a  field  open  for  largt 
consumers  of  light  to  install  practical  automatic  voltage  regulators,  by 
the  aid  of  which  not  only  would  the  voltage  be  kept  steadier,  but  the 
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K^ndiHon:^  woiikl  be  better  for  the  employment  of  higher  efficiency  **'-  GwieFT 
carbon  glow  hniips,  with  the  result  tliat  great  economies  could  be 
secured.  In  the  ordinary  way^  on  account  of  the  prevailing  great 
roUage  fluctUiitioiiSj  such  high-cfficicncy  lamps  cannot  safely  be  used 
lirithout  being  exposed  to  damage  by  excessive  overrunning,  thereby 
lliortening  their  life  considerably^, 

Professor  E.  W,  Merchant  :  In  the  first  place  1  should  like  to  say  ProfBwr 
lomething  about  the  pentane  lamp,  if  I  may  be  allowed  to  do  so.  It  was  '*"^^"'*' 
referred  to  in  Mr,  Paterson's  paper*  We  made  a  series  of  v^ry  careful 
Bomparisons  between  an  Edison  large  bulb  standard  and  a  pentane 
lain  p.  I  have  here  the  result  of  nineteen  tests,  made  over  a  length  of 
ae  of  nearly  seven  months,  and  the  actual  variation  in  the  relation 
between  the  candle  powers  was  from  i  ;  1*92  to  1  :  tnyj.  Those  are  the 
mtside  limits  of  variation,  and  they  seem  to  be  well  within  the  limits 
liat  one  wouJd  expect  to  get,  taking  account  of  the  variation  in 
lumidity  that  one  docs  get  in  the  air.  The  results  have  not  been 
corrected  in  any  way  for  humidity.  These  tests  w*ere  made  in  a  large 
>hotomctric  room,  with  a  cubic  content  of  something  like  4,500  cubic 
cet,  and  with  a  constant  temperature  of  about  18*^  C,  and  I  think  it  is 
f>ossible  these  conditions  may  be  an  explanation  of  the  result  With 
cfereuce  to  the  question  of  voltage  regulation^  which  has  bicen  referred 
to  a  good  deal  this  evening,  I  should  hke  to  lay  stress  on  the  excellence 
of  Dr,  Ha  worth's  regulator*  I  think  a  regulator  that  will  regulate  to 
ij^lus  or  minus  i  per  centals  really  a  very  good  regulator  indeed,  particu* 
larly  when  it  is  one  that  will  operate  on  alternating-current  circuits* 
i  is  an  instrument  which  is  really  a  practical  instrument,  one  which 
may  be  of  service  in  connection^  for  example,  with  large  buildings 
^here  there  is  a  large  number  of  lamps  in  tise.  It  might  add  con- 
siderably to  the  life  and  efficiency  of  lamps  in  a  large  building  if  a 
regulator  of  this  kind  were  installed,  even  though  it  meant  that  a 
X^rtain  amount  of  energy  was  lost  in  the  resistance  it  would  be  neces- 
sary to  put  in  to  maintain  the  constant  pressure.  With  reference  to 
the  point  Mr.  W^ibon  made  as  to  the  variation  of  voltage  on  the 
jelectnc<'il  circuits  in  this  country,  I  should  like  fully  to  bear  out  his 
remarks  w^ith  reference  to  Liverpool.  I  do  not  think  any  one  can 
.describe  the  regulalion  of  Liverpool  as  good.  We  very  often  have 
ja  pressure  as  high  as  245  volts  on  a  circuit  which  should  give  230,  and 
tsomc times  our  pressure  will  fall  to  as  low  a  value  as  220.  I  do  not 
know  whether  the  lamps  t  tat  Mr*  Wilson  may  have  sent  to  Liverpool 
were  graded  to  suit  the  Liverpool  conditions,  but  if  so  it  is  just  possible 
that  the  results  which  were  obtained  were  not  so  good  as  they  would 
have  been  had  they  been  fitted  for  the  actual  conditions  that  existed  in 
our  tests.  Professor  Ayrton  has  just  told  me,  with  reference  to  the 
carbide  of  silicon  lamps  to  which  he  referred,  that  the  manufacture  of 
them  in  Liverpool  was  discarded  on  account  of  the  large  lluctuations  in 
pressure  that  were  found  on  the  circuits  there — that  it  was  practically 
no  good  for  the  lamp  makers  to  make  good  lamps  (and  these,  of  course, 
e  extremely  good  lamps)  if  the  variation  in  pressure  was  so  bad  as  to 
Vol,  38.  24 
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neutralise  entirely  (by  shortening  the  effective  life)  any  advaiitai^e  thai 

could  be  obtained  by  increasing  the  efficiency  of  the  lamp.  I  think  the 
lamp  makers  ha%T  something  to  say  to  the  central  station  en^DtTfs, 
but,  on  the  other  hand,  I  think  the  central  station  engineers  have  a  good 
deal  to  say  to  the  lamp  makers.  No  one  can  describe  the  result  ot 
these  tests,  I  think,  as  satisfactory.  The  tests  were  made  entirely  ham 
the  point  of  view  of  the  consumer.  The  attempt  was  made  to  gain  as 
much  information  as  possible  as  to  what  the  carbon  incandescent  lamp 
was  doing  at  the  present  day,  and  it  was  for  that  reason  that  the  lests 
were  made  in  the  way  in  which  they  have  been  carried  out— that  is,  the 
tests  w*ere  made  at  230  and  240  volts,  and  with  the  actual  varying  pressufc 
Jhat  one  gets  on  the  circuit-  As  Mr.  Paterson  has  said,  it  is  extremely 
difficult  in  making  tests  in  this  sort  of  way  to  generalise  at  all  as  to  the 
results*  The  results  are  there,  and  they  are  available  for  reference.  1 
should  like  very  much  to  work  out  these  results  in  view  of  the  curvm 
and  figures  which  have  been  given  us  by  Mr.  Paterson,  I  should  lik 
to  see,  for  example,  how  his  life  curve,  which  has  been  based,  I  tinder* 
stand,  on  the  result  of  a  large  number  of  tests,  agrees  with  the  results 
that  we  have  obtained  in  this  series  of  experiments* 

We  have  not  had  sufficient  time  yet  to  check  our  own  results 
against  his  in  regard  to  various  other  matters,  but  I  hope  that  may  be 
done  before  long. 

Mr.  W.  H.  Patch  ELL  :  I  understand  the  Liverpool  works  are  owned 
and  run  by  the  ratepayers,  I  believe  thej?  also  carry  an  e  nor  mom 
tram  load  in  addition  to  the  lighting  loadj  so  that  if  they  arc  carried 
for  nothing  they  cannot  expect  to  have  their  volts  regulated  to  i  per 
cent. 

Dr.  Ha  worth  {in  reply)  said  ;  There  is  only  one  point  to  which  I 
wish  to  refer  with  regard  to  those  curves  (Fig.  15, 13  B  and  14  B)  which 
cross  over  the  240  volts  over-rnn  and  the  240  to  230  volts,  Mr*  Piter* 
son  wanted  to  know  why  they  were  not  over -run  at  the  same  efficieocr. 
As  a  matter  of  fact,  those  curves  referred  to  lamps  which  were  sup- 
posed to  be  similar  lamps  supplied  by  the  same  maker.  On  each  sheet 
of  curves  the  lamps  referred  to  are  made  by  one  maker,  and  those  t«o 
curves  are  lamps  of  one  maker.  One  of  them,  the  240  volts  over-nm, 
started  at  about  39  and  went  up  to  6-2  watts  per  candle.  The  varying 
voltage  lamp  started  with  higher  watts  per  candle,  4-25,  and  it  rose  to* 
smaller  amount  than  the  other  did,  namely,  5-3  watts  per  candle.  But 
the  average  watts  per  candle  over  their  total  life  are  nearly  the  same. 
The  over-run  lamp  has  5^2  watts  per  candle,  and  the  varying  xdiigs 
lamp  48.  I  do  not  know  what  the  other  curves  would  work  out  to,  bat 
I  have  just  taken  the  tw*o  shown  on  the  screen.  The  lamps  were  run 
at  constant  voltage  and  not  started  at  the  same  efficiency.  With 
regard  to  the  question  Mr.  CampbeU  raised  as  to  the  quivering  of  the 
filament,  the  circuit  we  had  was  used  exclusively  for  these  lamptesti; 
we  had  nothing  else  on  it» 

In  reply  to  Professor  Ayrton*s  question »  the  sensibility  of  tht 
regulator,  working  under  the  best  conditions  of  contact,  was  plus  o^ 
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lus  i  per  cent,  and  working  under  normal  conditions  it  was  about   5'-    ^^ 

,  .  HaworUi. 

s  or  minus  ^  per  cent. 

The  President:  I  will  ask  you  to  convey  your  thanks  to  Dr.  The 

ivorth  and  the  other  authors  for  the  paper  they  have  been  good 

>ugh  to  present. 

The  resolution  of  thanks  was  carried  with  acclamation. 
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Proceedings  of  the  Four  Hundred  and  Fifty-first 
Ordinary  General  Meeting  of  the  Institution  of 
Electrical  Engineers,  held  in  the  Rooms  of  the 
Institution  of  Civil  Engineers,  Great  George 
Street,  Westminster,  on  Thursday  evening,  Feb- 
ruary 7,  1907,  Dr.  R.  T.  Glazebrook,  F.R.S., 
President,  in  the  chair. 

The  minutes  of  the  Ordinary  General  Meeting   held  on  January 
24,  1907,  were  taken  as  read,  and  confirmed. 

The  list  of  candidates  for  election  into  the  Institution  was  taken  as 
read,  and  it  was  ordered  that  it  should  be  suspended  in  the  Library. 

The  following  list  of   transfers  was  published   as    having   been 
approved  by  the  Council : — 

TRANSFERS. 

From  the  class  of  Associate  Members  to  that  of  Members  : — 

William  W.  Cook.  |       Cecil  W.  Kennaway. 

John  S.  Peck. 
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As  Students, 


Ernest  Adamson. 

Cyril  Dean  Ads  head. 

James  Aftleck. 

Leonard  Cecil  Baldwin* 

Cecil  Shannon  Bell. 

John  BdsJand, 

Francis  W,  BissetL 

Francis  William  BrecknelL 

Norman  EUing  Brevig, 

Charles  Graham  Campbell. 

Frederick  Henry  Clark* 

Harold  Cooper. 

Frederick  Augustine  Corea. 

John  James  Creasey. 

John  Davidson. 

Rex  Marsh  Everett* 

Fred.  Farrar* 

WQliam  Edward  Flower. 

Theodore  Gcrrard. 

Reginald  Alfred  Gi^en. 

Thomas  Carl}*le  Grisenthwaite* 

Douglas  Hay. 

William  Henderson* 

Frank  Reginald  HoggetL 

John  Morton  Jackson* 


Herman  Amos  Kelsall* 
Allen  Neave  Kingsbury. 
James  Charles  S.  Mclntyre. 
Duncan  John  MacKellar* 
Reginald  St,  Clare  Marston. 
Arthur  We  lies  ley  Mason, 
Hu^rh  Charles  May* 
Kurt  John  Nebel 
Edward  Rowden  Newman. 
Kenneth  Lancaster  Osborne. 
John  Robert  Panne  11* 
Archibald  Parker -Smith* 
Leslie  Orr  Gibb  Pearce. 
John  William  Perkins. 
Charles  Sydney  Richards* 
George  William  Richmond* 
Archibald  Stuart  Ross. 
Ernest  Walter  Sale* 
Jacques  Andre  Schopfer. 
Sooyti  Kwang  Shen. 
Maurice  E.  F,  Shuttleworth. 
Robert  Rowley  Smail. 
Herbert  John  Swain. 
Victor  H*  Winson. 
Edward  L*  Wood. 


Donations  to  the  Library  were  announced  as  having  been  received 
since  the  last  meeting  from  The  American  Philosophical  Society,  Audel 
&  Co.,  C.  Barnes,  Professor  J,  Epstein,  M,  O'Gorman,  Dr.  A.  E,  Ken* 
nelly,  Sir  Oliver  Lodge  ;  to  the  Buihiing  Fund  from  J*  H*  Roseu^ 
thai  and  L.  C.  B.  Trimnell  ;  and  to  the  Bmevolent  Fund  from  H* 
Alabaster.  S.  E*  Britton,  H.  W,  Clothier,  J*  Gavey,  D.  Hennqucs,  S. 
Insull,  H.  W.  Kolle,  J.  P.  L*iwrence,  Sir  H.  C.  Mance,  H.  W.  Miller, 
W-  G.  T*  Pope,  C,  Stirling,  H.  W.  Turner  ;  to  whom  the  thanks  of  the 
meeting  were  duly  accorded. 

The  discussion  on  Mr.  C.  C*  Paterson's  paper  was  concluded  (see 
page  318),  and  Dr.  H.  F.  Haworth's  paper  was  read  and  discussed 
(see  p,  350). 

The  meeting  adjourned  at  945  p.m. 
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REGENERATIVE  CONTROL  OF  ELECTRIC 
TRAMCARS  AND  LOCOMOTIVES. 

By  Alfred  Ra worth,  Associate  Member. 

{Paper  read  at  Sheffield  S^ot^embcr  22^  1906. J 

During  the  last  two  years  the  attention  of  all  trasnway  aythoritics 
has  been  turned  toward ts  the  subject  of  regenerative  control.  In  somi' 
cases  their  interest  has  been  aw^akened  by  the  high  prices  they  have 
to  pay  for  electrical  energ>%  and  rn  others  by  the  difficulty  of  providing 
effective  braking  appliances.  It  is  generally  admitted  that  if  a  pt^c- 
tical  system  of  regeneration  could  be  evolved^  it  would  go  far  tou-urds 
the  removal  of  both  difficulties. 

Actual  experience  has  shown  that  even  on  level  lines  regcneratioo 
produces  a  saving  in  current  of  over  10  per  cent.,  and  wherever  the 
country  is  undulating  from  20  to  30  per  cent,  may  be  expected.  Asa 
brake  the  regenerative  motor  is  unsurpassed^  because  the  rctardifl| 
effort,  whilst  very  strong,  is  completely  under  control  and  is  free  ffOO 
objectionable  jerks. 

Ma.ny  of  the  ad%*antages  of  regeneration  were  clearly  foreseen  ^f 
Sprague  as  early  as  1885,  as  will  be  gathered  from  the  following  extrad 
from  an  article  written  by  him=^  on  his  early  experiments: — "Mem- 
while  my  interest  in  the  electric  railway  problem  had  become  active, 
and  after  a  study  of  the  naovemcnt  of  trains  and  the  conditions  ol 
operation  upon  the  Manhattan  Elevated  Railway,  I  schemed  out  ^ 
system,  and  in  December,  18S5,  read  a  paper  before  the  Soci*;ty  ai 
Arts  in  Boston,  advocating  an  equipment  with  motors  under  each  cJTt 
and  using  shunt- wound  machhies  to  enable  current  to  be  returned 
to  the  line  when  decreasing  from  the  higher  to  more  moderate  speeds*'' 

In  those  early  years,  when  the  attentiou  of  engineers  was  b^lnf 
directed  towards  the  practicability  of  electric  traction^  Mr.  W.  M* 
Mordey  was  also  very  strongly  impressed  with  the  advantages  to  be 
gained  by  the  use  of  the  shunt  motor,  and  there  can  be  no  doubt  ihatt 
Sprague,  with  his  intimate  knowledge  of  electrical  theory,  nod  with  fm 
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great  ingenuity  and  indomitable  energy^  would  have  solved  the  pro- 
blem ^  had  it  not  been  for  the  inherent  defects  of  motors  as  they  then 
existedt  At  the  time  of  Sprague's  experiment  no  motors  would  run 
with  a  fixed  line  of  commutation,  and  the  position  of  the  brushes  had 
to  be  changed  when  the  motors  were  reversed.  This  condition  was,  of 
course,  fatal  to  any  proposition  for  producing  regeneration. 

Later  attempts  appear  to  have  been  only  of  a  desultory  character^ 
and  there  is  no  evidence  that  any  inventor  ever  attempted  to  produce 
a  field  by  means  of  a  shunt  winding  which  would  be  commensurate 
with  the  field  produced  by  the  ordinary  series  winding.  So  long  as 
they  omitted  to  do  this  their  failure  was  a  foregone  conclusion. 

At  the  present  time  there  are  some  two  or  three  examples  of 
regenerative  working  existing  in  Germany.  The  motors,  I  understandi 
are  pure  shunt,  but  no  attempt  whatever  is  made  at  speed  rcgulationj 
and  the  Unes  upon  which  they  are  working  arc  not  street  tramways. 

The  first  attempts  in  the  direction  of  developing  the  present  system 
of  automatic  regenerative  control  were  made  at  Devonport  in  the 
autumn  of  1903.  The  result  of  the  experiments  was  to  show  that  the 
system  was  perfectly  practical  even  without  the  advantage  of  putting 
the  motors  in  parallel.  The  range  of  speed,  however,  was  somewhat 
limited,  a  defect  which  was  particularly  noticeable  in  hill  chmbing ; 
consequently  with  a  view  to  removing  this,  attempts  were  made  to 
devise  a  series  parallel  controller,  which  at  first  resulted  in  failures,  but 
so  much  valuable  experience  was  gained  that  a  satisfactory  controller 
was  eventually  produced  and  is  now  in  operation  on  some  forty-five  cars. 

On  the  whole  it  is  a  happy  circumstance  that  the  earlier  develop- 
ment was  done  entirely  with  motors  in  scries,  otherwise  the  difficulties 
of  the  problem  would,  in  all  probability,  have  stitted  the  invention 
altogether. 

The  difficulty  of  changing  from  series  to  parallel  or  vice  v£rsd  with 
i»hunt-woiiQd  motors,  consists  principally  in  the  fact  that  the  speed  of 
the  armature  varies  inversely  as  the  strength  of  the  field  and  directly 
as  the  voltage  across  the  brushes.  It  is  obvious,  therefore,  that  in 
changing  from  series  to  parallel  the  fiejd  strength  must  be  practically 
doubled,  otherwise  the  moment  the  armature  circuit  is  closed  across 
500  volts  a  violent  attempt  will  be  made  by  the  motors  to  accelerate 
the  car. 

The  operation  of  strengthening  the  field  can  he  carried  out  fairly 
quickly,  but  not  quite  quickly  enough,  consequently  it  is  necessary  to 
insert  some  resistance  in  series  with  the  armatures  to  check  momen- 
tarily the  rush  of  current  due  to  the  inexactitude  of  the  field  strength. 
This  will  be  referred  to  later.  It  Is  also  necessary  to  insert  biome  series 
field  winding  in  series  with  each  armature,  for  without  this  precaution 
the  motors  would  not  work  in  parallel. 

Further  it  is  an  essential  condition  that  in  breaking  the  current 
either  when  going  out  of  series  or  when  coming  out  of  parallch  there 
should  be  no  resistance  in  circuit,  otherwise  there  will  be  heavy  fiashen 
in  the  controller.     In  this  respect  shunt  motors  differ  entirely  from 
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series  motors,  resistances  being  necessary  in  combination  with  these 
latter  when  opening  the  circuit 

The  method  by  which  the  resistances  are  put  in  circuit  before 
closing  the  armature  circuit  and  taken  out  again  before  breaking  the 
circuit  will  be  described  later  on.  Apart  from  this  little  difficulty,  the 
operation  of  this  controller  is  simplicity  itself. 

It  first  puts  on  the  shunt  field,  then  closes  the  armature  circuit 
through  resistances  which  are  cut  out  in  steps,  it  then  weakens  the  field 
to  increase  speed,  it  then  doubles  the  field  strength  and  puts  the 
armatures  in  parallel,  a  small  series  winding  being  in  series  with 
each  armature  and  resistance  in  the  main  circuit.  This  resistance 
is  then  cut  out  in  steps  and  the  field  again  weakened  to  attain  the  top 
speed. 

The  series  winding  has  nearly  as  many  turns  as  the  ordinary  series 
winding  of  a  series  motor,  but  the  current  is  shunted  so  that  the  series 
winding  carries  only  a  fraction  of  the  current  passing  through  its  own 
armature. 

The  series  of  operations  is  shown  in  Fig«  i,  which  is  a  diagram 
showing  the  connections  on  each  notch  of  a  series  parallel  controller 
arranged  for  working  two  motors.  Referring  to  this  diagram,  it  will 
be  seen  that  the  shunt  field  circuit  is  first  closed,  then  on  the  first 
notch  the  armatures  are  connected  in  series  with  resistance.  The 
resistance  is  then  cut  out  in  steps,  and  on  notch  No.  4  the  armatures 
are  in  series  across  the  full  voltage,  the  shunt  fields  being  fully  excited. 
This  notch  gives  a  speed  of  from  3^  to  6  miles  an  hour,  according  to 
the  type  of  motor  used.  But  it  is  an  advantage  to  have  the  minimum 
reactive  speed  as  low  as  possible,  both  for  the  sake  of  economy  in 
current  due  to  the  reduction  of  the  rheostatic  period  and  because  it 
is  the  minimum  speed  at  which  the  motors  will  return  current  to 
the  line. 

On  notches  5  and  6  resistance  is  inserted  in  the  shunt  field  circuit 
with  the  object  of  increasing  the  speed.  The  speed  on  the  sixth  notch 
being  3  or  4  miles  an  hour  faster  than  the  minimum  reactive  speed. 

On  notches  7,  8,  and  9,  when  the  controller  handle  is  being  turned 
in  a  clockwise  direction,  the  connections  are  exactly  the  same  as  on 
notch  6.  Thus,  when  the  circuit  is  opened  preparatory  to  going  into 
parallel,  there  is  no  resistance  in  the  armature  circuit. 

On  notch  10  all  the  resistance  in  series  with  the  shunt  fields  is  cut 
out,  thus  giving  the  maximum  field  strength,  the  armatures  are  con- 
nected in  parallel,  each  in  series  with  its  series  field  winding,  and 
resistance  is  inserted  in  the  main  circuit.  A  resistance  is  put  in 
parallel  with  the  series  windings  in  order  to  shunt  a  portion  of  the 
current,  therefore  only  so  much  current  as  will  balance  the  load 
between  the  two  armatures  is  allowed  to  pass  through  the  series 
winding. 

On  notches  11  and  12  the  resistance  in  the  main  circuit  is  cut  out  in 
steps,  and  on  notch  13  the  armatures  are  in  parallel  across  the  full 
voltage,  the  field  strength  being  at  the  maximum. 
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series  motors^  resistances  being  necessary  in  combination  with  ihue 
latter  when  opening  the  circuit. 

The  method  by  which  the  resistances  are  put  in  circuit  bd\ 
closing  the  armature  circuit  and  taken  out  again  before  breaking 
circuit  will  be  described  later  on.     Apart  trom  this  lifllt  difttculty, 
operation  of  this  controller  is  simplicity  itself. 

It  lirst  puts  on  the;  sbimt  fiM,  then  clo^^es  the  armature  circuit 
thraugh  resistances  which  are  cut  out  in  steps,  it  then  weakens  the  field 
to  increase  speed,  it  then  doubles  the  field  strength  and  puts  th(? 
armatures  in  parallel,  a  small  series  winding  being  in  series  with 
each  armature  and  re^iistance  in  the  main  circuit.  This  resistance 
ts  then  cut  out  in  steps  and  the  field  again  weakened  to  attain  the  top 
speed* 

The  series  winding  lias  nearly  as  many  turns  as  the  ordinary  series 
winding  of  a  scries  motor,  but  the  cvjrrent  is  shunted  so  that  the  scries 
winding  carries  only  a  fraction  of  the  current  passing  Ihrotigh  its  own 
armature^ 

The  series  of  operations  is  shown  in  Fig»  t,  whicb  is  a  diagram 
showing  the  connections  on  each  notch  of  a  series  parallel  controllcf 
arranged  for  working  two  motors*  Referring  to  this  diagramj  it  will 
be  seen  that  the  shunt  lield  circuit  is  first  closedj  then  on  the  fir^t 
notch  the  armatures  are  connected  in  series  with  resistance,  Tbt' 
resistance  is  then  cut  out  in  steps,  and  on  notch  No.  4  the  armaturEfS 
are  in  scries  across  the  full  voltagCt  the  shunt  tields  being  fully  excited. 
This  notch  gives  a  speed  of  from  3^  to  6  miles  an  hour,  according  to 
the  type  of  motor  used.  But  it  is  an  advantage  to  have  the  mininiurti 
reactive  speed  as  low  as  possible,  both  for  the  sake  of  economy  i^ 
current  due  to  the  reduction  of  the  rh ecstatic  period  and  becaus<;  it 
is  the  minimum  speed  at  which  the  motors  will  return  current  tl* 
the  line. 

On  notches  5  and  6  resistance  is  inserted  in  the  shunt  field  circuit 
with  the  object  of  increasing  the  speed.  The  speed  on  the  sixth  notch 
being  5  or  4  miles  an  hour  faster  than  the  minimum  reactive  speed. 

On  notches  7»  8»  and  g,  when  the  controller  handle  is  being  turned 
in  a  clockwise  direction,  the  connections  are  exactly  the  same  as  on 
notch  6.  Thus,  when  the  circuit  is  opened  preparatory  to  going  into 
parallel,  there  is  no  resistance  in  the  armature  circuit. 

On  notch  10  all  the  resistance  in  series  with  the  shunt  fields  is  cut 
out,  thus  giving  the  maximum  field  strength,  the  ^umaturcs  are  con- 
nected in  parallel,  each  in  series  with  its  series  field  winding,  and 
resistance  is  inserted  in  the  main  circuit,  A  resistance  is  put  in 
parallel  with  the  series  windings  in  order  to  shunt  a  portion  of  the 
current,  therefore  only  so  much  current  as  will  balance  the  load 
between  the  two  armatures  is  allowed  to  pass  through  the  scries 
winding. 

On  notches  1 1  and  13  the  resistance  in  the  main  circuit  is  cut  out  in 
steps,  and  on  notch  13  the  armatures  are  in  parallel  across  the  fdl 
voltage^  the  field  stretigth  t>aing  at  the  maximum* 
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On  notches  14  and  15  resistance  is  inserted  in  steps  in  the  shunt  field 
circuit  to  attain  the  top  speeds. 

Now  when  the  controller  handle  is  turned  in  a  counter-clockwise 
direction,  the  same  combinations  as  when  accelerating  are  made  as 
far  as  notch  13,  and  the  speed  reduced  from  the  maximum  down 
to  a  speed  which  is  only  slightly  more  than  double  the  minimum 
regenerating  speed  in  series. 

But  on  notches  12,  11,  and  10  the  connections  are  exactly  the  same 
as  on  notch  13,  and  when  the  circuit  is  opened  preparatory  to  going 
into  series,  there  is  thus  no  resistance  in  series  with  the  armatures. 

On  notch  9  resistance  is  connected  in  series  with  the  shunt 
field  windings  and  the  armatures  are  connected  in  series,  in  series 
with  resistance. 

On  notches  8  and  7  this  resistance  is  cut  out  in  steps  until  on  notch 
6  the  armatures  in  series  are  connected  across  the  full  voltage. 

On  notch  5  the  resistance  in  series  with  the  shunt  fields  is  reduced, 
and  on  notch  4  it  is  cut  out  altogether. 

At  this  point  the  speed  of  the  car  has  been  reduced  to  the  minimum 
regenerating  speed.  The  handle  is  then  shut  off  in  the  usual  manner 
and  the  hand-brake  applied.  But  when  moving  the  handle  from  notch 
4  to  the  off-position,  the  resistance  which  was  inserted  on  notches  i,  2, 
and  3,  when  moving  in  a  clockwise  direction,  is  kept  short-circuited, 
thus  again  providing  for  the  opening  of  the  circuit  with  the  armatures 
connected  across  the  full  voltage. 

The  rheostatic  brake  notches  i,  2,  and  3  make  connections  similar 
to  those  used  for  the  same  purpose  in  ordinary  controllers,  but  these 
notches  in  the  controller  coincide  with  the  power  notches  15,  14,  and 
13.     How  this  is  effected  I  will  now  explain  : — 

There  are  also  two  other  points  which  require  explanation  : — 

(i.)  Notches  I,  2,  and  3,  10,  11,  and  12  make  connections  as 
shown  on  the  diagram  when  the  controller  handle  is  mov- 
ing in  a  clockwise  direction,  but  when  the  handle  is  turning 
in  the  opposite  direction  the  resistance  in  series  with  the 
armatures  is  kept  short-circuited. 

(2.)  Notches  7,  8,  and  9  give  connections  as  shown  in  the  diagram 
when  the  handle  is  moving  in  a  counter-clockwise  direc- 
tion, but  the  resistance  in  series  with  the  armatures  is  kept 
short-circuited  when  the  handle  is  moving  in  a  clockwise 
direction. 

Referring  now  to  Fig.  2,  which  is  a  development  of  the  controller 
laid  out  in  the  usual  way :  Finger  22  is  connected  direct  to  the  trolley 
and  the  six  fingers  immediately  below  it  are  connected  to  the  resistance 
used  in  the  armature  circuit.  When  the  controller  cylinder  connects 
the  trolley  finger  22  to  one  of  these  resistance  fingers,  the  current  flows 
through  the  resistance  connected  between  that  finger  and  the  bottom 
one,  R.  6,  and  then  through  the  armatures.     For  instance,  on  notch  i 
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finger  22  h  connected  to  finger  R.  z,  the  resistance  ict  circtiit  is  tbene^ 
fore  R.  3  to  R.  6.  On  notch  5  the  finger  22  is  connected  to  finger  R  6, 
the  resistance  is  therefore  short-circuited. 

Now  contact  ring  X*  is  loose  on  the  main  cylinder,  and  is  driven 
by  a  pia  working  in  a.  slot,  which  ena^bles  the  loose  ring  to  lag  behind 
the  main  barrel  by  the  space  covered  bv  three  notches.  When  the 
controller  is  turned  in  a  clockwise  direction  the  position  of  this  slip 
ring  is  as  shown  on  the  diagram ,  but  if  the  control] er  is  moved,  say,  UJ 
notch  6f  and  then  back  to  the  off-position,  the  slip  contact  hangs  b&ck 
three  notches  behind  the  rest  of  the  main  cylinder  and  takes  up  the 
position  shown  in  dotted  lines. 

It  will  thus  be  seen  that  the  resistance  in  circuit  on  notches  i,  3, 3» 
10,  II,  and  12  is  short-circuited  when  the  controller  handle  is  beiiig 
turned  in  a  countcr*cJockw)se  direction*  In  the  same  manner  the 
resistance  in  circuit  on  notches  y,  8,  and  9  is  short-circuited  only  when 
the  handle  is  turned  in  a  clockwise  direction. 

Now  notches  13^  14^  and  15  are  rheostatic  brake  notches  when  the 
barrel  is  turned  past  the  off-position.  The  finger  22  is  disconnected 
from  the  troUey  and  connected  to  earth,  and  the  series  fields  are 
reversed  by  the  small  brake  cylinder  on  the  left  of  the  diagram.  The 
resistance  in  circuit  on  the  first  notch  is  R.  2,  R.  6  j  on  the  i>econd 
notch  R.  4,  R.  6  :  and  on  the  third  notch  all  resistance  is  short-circuited 
by  contact  X.,  which  will  be  in  the  position  indicated  by  dotted  tuics* 

The  present  form  of  controller  has  only  tieea  in  eidstence  twelve 
months,  but  there  are  now  about  one  hundred  of  them  working 
successfully. 

As  previously  mentioned,  when  the  first  experiments  were  made  10 
1903,  the  motors  were  connected  permanently  in  series,  the  speed  being 
regulated  by  the  shunt  field.  This  worked  well  on  the  level,  but  gjreat 
difficulty  was  experienced  in  preventing  drivers  from  climbing  stecfi 
gradients  with  a  weak  field,  which  caused  heavy  flashing  at  the  com* 
mutators.  It  was  then  recognised  that  the  introduction  of  tlic 
series  parallel  system  of  control  was  necessary  to  make  the  regenerative 
system  suitable  to  all  conditions. 

The  first  scheme  was  to  weaken  the  field  until  the  armatures  in 
series  had  attained  a  speed  of  double  the  minimum  reactive  speed*  tbt;Jii 
to  open  the  armature  circuit,  double  the  shunt  field  strength,  close  the 
armature  circuit  again  with  the  armatures  in  parallel,  and  then  again 
weaken  the  shunt  field  to  attain  the  necessary  speed*  For  tbc^e 
experiments  a  box  full  of  open  switches  wiis  used. 

It  was  found  that  the  armatures  could  be  put  into  parallel  only  by 
making  a  considerable  pause  to  allow  the  field  to  increase,  and  then 
only  00  the  level.  To  cure  this  the  controller  was  arranged  to  insert  a 
small  resistance  in  the  main  circuit,  in  order  to  give  the  shunt  field* 
more  time  to  increase.  This  arrangement  worked  wcllj  and  the  moton 
could  be  switched  into  parallel  on  an  8  per  cent,  gradient. 

It  was  then  found  that  getting  the  armatures  back  into  scries  vm 
even  more  difficult  than  getting  them  ijito  parallel,  it  being  necessary 
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to  use  more  resistance  in  the  armature  circuit.  This  difficulty  was, 
however,  overcome  in  the  first  series  parallel  controller  that  was  made 
on  the  circular  plan. 

Many  motors,  however,  will  not  work  sparklessly  in  series  with  the 
field  weakened  sufficiently  to  produce  double  the  minimum  speed,  and 
the  controller  has  therefore  been  re-designed  with  three  resistance 
notches  Jor  making  the  series  parallel  changes.  Twelve  months  after 
the  commencement  of  the  experiments  with  series  parallel  working, 
there  were  fourteen  cars  running  with  series  parallel  control  on  the 
Yorkshire  Woollen  District  Tramways,  and  they  have  never  given  any 
trouble. 

The  following  motors  have  been  converted  successfully  :  G.E.,  67A, 
G.E.  58,  G.E.  800,  G.E.  52,  G.E.  i,oooa,  G.E.  55A,  Westinghouse  49B 
and  200,  Brush  1,202,  i,oo2B,  i,0O2A,  800B,  8ooc.  It  can  be  taken  as  a 
fact  that  any  motor  which  is  good  when  series  wound  is  good  also 
as  a  regenerative  motor. 


Safety  of  the  Regenerative  Control  System. 

From  the  foregoing  it  will  be  understood  that  each  notch  on  the 
controller  corresponds  to  a  definite  speed,  which  speed  varies  only 
within  small  limits.  So  long  as  the  controller  handle  is  left  on  any 
one  notch,  the  car  will  run  at  the  speed  corresponding  with  that 
notch,  practically  irrespective  of  gradients.  It  will  be  seen,  therefore, 
that  if  a  driver  be  running  on  the  sixth  notch  at,  say,  6  miles  an  hour, 
and  then  brings  his  controller  handle  to  notch  4,  which  we  will  say 
corresponds  with  4  miles  an  hour,  the  speed  of  the  car  will  at  once  be 
reduced  accordingly.  If  the  car  at  the  time  be  ascending  a  gradient, 
the  armature  current  will  be  reduced  ;  if  it  be  descending  a  gradient, 
or  running  on  the  level,  the  back  E.M.F.  of  the  motors  will  exceed  the 
line  pressure,  and  the  motors  will  return  current  to  the  line. 

The  driver  has,  therefore,  always  under  his  control  a  most  powerful 
braking  effect,  which  is  produced  without  any  physical  exertion  on  his 
part.  A  braking  effect,  equal  to  the  propelling  effect,  and  in  the 
absence  of  which  the  car  cannot  be  moved.  A  brake  also  which 
cannot  under  any  circumstances  whatever  lock  the  car  wheels. 

Most  tramway  accidents  are  caused  by  a  car  approaching  a  falling 
gradient  at  a  speed  greater  than  that  at  which  it  is  desired  to  descend. 
The  wheels  are  locked  by  the  hand  brake,  or  the  electric  brake  may 
not  build  up  owing  to  a  dirty  commutator,  or  a  dirty  controller.  The 
result  is  only  what  one  would  expect — the  driver  loses  his  head  and  an 
accident  follows.  A  regenerative  car  may  drift  on  to  a  down  grade 
in  the  same  way,  but  with  this  difference,  that  the  speed  is  constant 
and  can  be  reduced  by  the  ordinary  movement  of  the  controller  handle, 
no  part  of  the  equipment  and  no  single  piece  of  cable  being  used 
which  is  not  also  used  to  propel  the  car.  The  car  cannot  accelerate 
and  therefore  cannot  get  out  of  hand. 

Until  lately,  however,  there  was  one  objection  to  the  regenerative 
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method  of  braking.  If  a  car  were  descending  a  grade?,  and  from  any 
cau^  were  cut  off  from  the  source  of  supply,  the  braking  effect 
would  be  immediately  lost,  also  the  driver  in  shutting  off  his  controlJer 
might  produce  momentarily  the  combination  of  a  strong  field  and 
a  high  speed,  thus  allowing  the  motors  to  generate  a  voltage  which 
has  destroyed  a  considerable  number  of  lamps  and  not  a  few  station 
voltmeters. 

Both  these  troubles  have^  however,  lieen  cured,  or  rather  prevented, 
by  the  device  shown  diagrammatically  in  Fig,  3.  Suppose  a  car  to  be 
descending  a  gradient  at,  say^^  6  miles  an  hour,  and  suppose  also  thai 
while  so  doing  the  trolley  comes  off  the  wre,  there  is  a  tendency  for 
the  voltage  across  the  motors  to  increase ;  directly  this  hap  pen  &»  tbc 
current  in  the  coil  A  increases  and  trips  the  switch  X,  so  establishing 
a  circuit  from  contact  E  to  P,  and  then  through  the  resistance  C  tft 
earths  In  actual  practice  it  is  found  that  should  the  supply  be  inter- 
rupted as  explained  above^  a  car  can  be  brought  to  a  speed  as  low  M 
2  miles  an  hour  by  the  ordinary  movement  of  the  controller  handle, 
the  regenerated  current  passing  throufjb  the  resistance  C  instead  of 
along  the  trolley  wire*  Thus  the  regenerative  brake  is  not  dependent 
for  its  action  upon  the  continuity  of  the  supply  circuit* 

There  are^  therefore,  four  most  valuable  claims  for  the  regenerative 
brake : — 

1.  It  cannot,   under  any  circumstances  whatever,  or  with  any 

condition  of  the  rails,  lock  the  car  wheels. 

2.  If  it  is  out  of  order  the  car  cannot  be  moved* 

3.  It  is  not  dependent  on  the  continuity  of  the  supply  circuit. 

^,  The   more   it   is   used    the  less  it  costs;   in  fact,   it   pays  to 
use  iL 

Economy. 

The  snvhig  in  current  vai  ies  according  to  the  contour  of  the  route, 
conditions  of  traffic,  etc.  On  level  lines  it  is  small*  but  on  hilly  lines 
may  be  as  much  as  30  per  cent. 

Results  of  comparative  current  consumption  tests  on  cars  on  tlie 
lines  of  the  Bristol  Tramways  and  Carriage  Company,  the  SoutJi 
Metropolitan  Tramways  Company,  and  the  Devonport  and  District 
Tramways  Company  are  given  below.  In  these  three  cases  savings 
of  24  per  cent.,  267  per  cent.,  and  287  per  cent,  respectively  arc 
obtained.  At  Bristol  and  on  the  South  Metropolitan  Company  s  lines 
at  Penge,  the  tests  were  made  with  special  cars  unloaded^  but  at 
Devonport  the  meter  was  fixed  on  cars  running  in  service. 

A  special  point  of  interest  in  the  Pcnge  test  is  that  the  total  current 
taken  by  the  regenerative  car,  before  deducting  the  regeneration,  is 
6'S  per  cent,  less  than  the  current  taken  by  the  series  motor  car, 

A  number  of  temperature  readings  which  have  been  taken  on 
regenerative  motors  after  scr\'ice  runs  on  several  roads  are  also  given* 
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Table  I. 

Result  of  Official  Tests  taken  at  Bristol,  March  14  and  15, 1906,  on  the 
Bristol  Tramways  and  Carriage  Company's  System,  with  a  'j^-ampm 
Wattmeter. 

Car  105. — Equipped  with  Raworth's  R.  3  type  series  parallel  con- 
troller and  two  G.E.  58  regenerative  motors. 

Car  181.— Equipped  with  B.T.H.  B.  18  type  series  parallel  con- 
troller and  two  G.E.  58  series  motors. 

Condition  of  Rail— Wet. 


I 

Rol?Tt 

IftLES. 

ao.f. 

UKrra, 

Car  105. 

Car  iBi. 

Car  J05. 

C*f  iBX- 

Rc«eaerii~ 

s<rn« 

n:r^- 

Scrit* 

tlvt 

Moton. 

Ma*flc»- 

Tramway  Centre- 

to  Brislington         

2-85 

2-85 

295 

3-5 

,j  Centre 

2-85 

2-85 

igo 

2'4 

„  Hotwclls 

1-69 

1-69 

M 

rs 

„  Centre     

1^ 

rr 

,,  Downs  (i)          

r88 

1^88 

4*5 

4'^ 

„  Centre     „. 

1-88 

I '88 

—  0^20 

07 

,,  Downs  (2)          

2-66 

2f»6 

490 

5'4 

,,  Centre     ... 

2-66 

2-66 

—  0'20 

17 

^1 

1906.] 
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Table  IL 
South  Metropolitan  Tramways  Company,  Ltd. 
Official  tests  taken  with  two  75-ampere  B.T.H.  car  wattmeters 
mounted  on  suitable  springs,  etc.  Test  taken  on  July  4,  1906,  on  two 
cars  similar  in  every  respect  except  the  equipments,  No.  4  car  being 
equipped  with  1,202  B.  regenerative  motors  and  R.  3  controllers ; 
No.  ID  car  with  1,002  B.  Brush  motors  and  3  A.  controllers. 


Route. 

No.  4  Regbnerative  Car.  1 

N'o.  10  Series  Parallel  Car. 

Milks. 

Meters. 

Time. 
Mins. 

Stopi 

Meters. 

Time. 
Mins. 

Stops 

Regene- 
rating. 

Talcing 

(Average  Reading 

Selby  Road 

to 

Crystal  Palace 

to 

Selby  Road 

223-6 
223-8 
224-8 

42-6 
46-2 
47-6 

10 
"J 

6 
12 

51*0 

55-1 
56-5 

225-4 
229-3 
230-5 

9i 

lOi 

6 
12 

18 

1-609 
1-609 

1-2 

50 

21J 

18 

55 

5-1 

20 

3-218 

Net  Units. 
3-8 

Unite  per  Mile. 
1-18 

Net  Unite. 
5*3 

Unite  per 
Mile. 
1-646 

1-54 
I  "54 

Selby  Road 

to 
Penge 

to 
Selby  Road 

224-8 
225-0 
225-4 

47-6 
49-3 
51-0 

9 
10 

6 
6 

12 

56-5 
58-5 
6o-2 

2305 
232-5 
234*2 

lOi 
9i 

6 
5 

0-6 

3*4 

19 

37 

37 

I9i 

II 

3-08 

Net  Unite. 
2-8 

Unite  per  Mile. 
0-909 

Net  Units. 
37 

Unite  per 

Mile. 

1-2 

6-298 

Totals 

Units.          Minutes. 
6-6              40J 

stops 
30 

Unite. 
90 

Mins. 
39i 

Stops. 
29 

Average  Units  per  Mile    ...     104 
Speed,  m.p.h 9*4 

Average  Units  per 

Mile     1-43 

Speed,  m.p.h.    ...   95 

Saving  by  Regenerative  Car, Crystal  Palace  Route    2825  per  cent. 

Penge  Route          ...    2430 
Average  saving  by  Regenerative  Car        2070        „ 
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Table  HI. 

Compamiive  Currmt  Conmmplion  Tcsh  taken  tzi  Dofonporl,  ManA  14, 
15,  191  IQ06,  an  the  Dct&nparl  and  District  Tramway  Company's 
Systent,  with  a  i€>o-ampcr£  Watt*hour  Meter, 

Car  No.  21.— Equipped  with  Ra worth's  R.  3  type  series  parallcJ 
regenerative  controlietii  and  two  1,002  B,  regenerative  ffiotors^ 
Mounted  on  Brush  truck. 

Car  No.  15,— Equipped  with  B.T.H*  K.  10  controllers  and  tflr-o 
G.E.  58  (6- turn)  motors.     Mounted  on  Bnll  21  E.  truck. 

Note. — AUhough  the  equipment  and  trucks  of  these  cars  are  different 
the  weights  of  the  cars  are  approximately  the  same,  No.  21  being  a 
trifle  heavier. 


Route. 

Tot;)]  Mile* 
Run. 

Unit*! 

Vniti  per 
Caf-uilk, 

Fore  Street  to  Tor  Lane  and 
back  .• 

Cm  15. 

76* 

54 

Cans 

08-B 

49'6 

1-29     0192 

Saving  in  current  consumption  by  No.  21  Car  ^287  per  cent 
During  tests  both  cars  were  running  in  service,  and  conditions  d 
rail,  traffic,  etc*^  were  exactly  similar. 

The  saving  in  current  as  measured  on  the  car  is  by  no  mean^  the 
whole  of  the  purely  electrical  savings  effected  by  regenerative  control 

The  diminished  output  from  the  generating  station  impHts 
diminished  losses  throughout  the  whole  feeder  system,  and  as  the 
losses  vary  as  the  square  of  the  current,  the  fact  of  reducing  the  bttcf 
by  20  per  cent,  is  to  reduce  the  line  losses  by  36  per  cent.  An  original 
loss  of  JO  per  cent,  would  therefore  become  6*4  per  cenl.j  and  this  in 
the  case  of  a  system  with  an  output  of  seven  million  units  yearly  at  tid 
would  mean  a  saving  of  £1^$^$, 

Again,  the  maximum  demand  on  the  power  station  will  be  very 
much  reduced,  and  the  variations  of  load  will  be  less  than  with  series 
motor  cars.  The  actual  mean  load  is  at  the  same  time  diminished, 
with  the  result  that  probably  one-fourth  of  the  generaling  plant  could 
be  shut  down,  the  car  service  remaining  as  before.  At  the  same  time 
the  remaining  generating  plant  would  be  more  uniformly  loaded,  aad 
therefore  more  economical 

Now  a  considerable  saving  may  also  be  obtained  by  the  reduction 
in  the  maintenance  charges  on  trucks,  wheels,  and  brakes.  This  is  due 
to  the  fact  that  the  regenerative  brake  is  always  made  use  of  in  regular 
running,  thus  to  a  great  extent  relieving  from  duty  the  hand  and  other 
mechanical  brakes. 

Not  only  is  the  continual  setting,  repairing*  and  replacing  of  brake 
gear  done  away  with,  but  brake  blocks,  which  ordmarily  wear  onl^  m 
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Tanperaiurti  of  Regenerative  M£>tofs. 
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R-3 

I^OOJ  B. 

57 
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Now,  to  take  an  example  of  what  these  savings  would  mmn  to  i 
tramway  undertaking  runnings  say,  250  cars,  and  using,  say,  10,781^27 
B,O.T.  units  yearly. 

The  co'bt  of  current  at  o*8d.  per  unit  would  be  £144,920 » 

Assuming  now  thnt  this  sum  would  bt;  reduced  25  per  cent,  an 
annual  saving  of  j£  11,230  would  be  effected* 

The  saving  in  costs  for  repairs  and  maintenance,  we  will  assume,  ii 
£15  per  car  per  annum  for  trucks,  wheels,  and  brakes— a  fair  estimate, 
I  think  I  but  possibly  a  Hltle  low. 

The  total  yearly  saving,  therefore,  in  current,  and  in  repairs  lo 
trucks,  wheels,  and  brake  gear,  would  be         ...         ...         ,.,     £ti,^P 

or  enough  to  pay  for  the  conversion  of  all  the  cars  in  two  and  a  ball 

years. 

Discussion, 

Professor  E,  H,  CRiVPPER  :    In  thinking  about  tile  subject  of  the 

paper,  I  recall  a  statement  that  was  made  some  ten  years  ago  wh^n 
reference  was  being  made  to  the  principle  of  the  emergency  brake  at 
the  time  when  electric  traction  was  new.  Professor  Ayrton  madtf  t 
remark  that  he  would  not  like  to  recommend  the  free  use  of  the 
emergency  brake,  because  the  motor  ought  to  have  a  certain  period 
for  cooling,  and  that  would  not  be  possible  if  they  were  going  to 
make  use  of  the  motor  as  a  generator.  I  wonder  whether  this  is  Ihc 
reason  why  so  long  a  period  has  elapsed  from  1885,  when  Mr.  Spragiw; 
expressed  himself  as  to  this  principle,  to  the  time  that  Mr.  Riiwortti 
took  up  the  question.  At  the  same  time  we  must  all  congratuble 
Messrs.  Raworth  for  the  ingenious  solution  of  the  problem,  and  fur 
having  overcome  a  tremendous  number  of  difficulties.  I  should  like  tfj 
know  whether  they  have  considered  the  question  of  the  rating  o( 
motors.  Can  they  say  that  a  motor  of  given  horse-power  will  do  tlic 
work  and  not  exceed  a  certain  working  temperature  fixed  as  (be 
standard  for  the  rating  of  motors,  i>.,  can  they  expect  that  it  will  keif 
its  temperature  less  than  100^  F.  above  the  surrounding  temperilurc' 
This  matter  seems  to  be  of  vital  importance,  and  the  capacity  of  the 
motors  used  should  comply  with  the  conditions  with  regard  to  ratings 
and  the  temperature,  of  course,  is  the  important  item.  1  am  quite 
prepared  to  admit  that  if  cost  was  left  out  of  the  question  it  can  easily 
be  done,  and  I  think  that  Messrs.  Raworth  have  solved  the  problem  in 
a  very  satisfactory  degree.  Another  point  of  vital  importance  is  tlie 
life  of  the  motor.  Whether  Messrs.  Raworth  have  had  sufftcit'flt 
experience  is  doubtful,  and  perhaps  they  will  not  be  able  to  make  any 
statement  on  this  point.  Until  a  moment  ago  1  was  under  the  impnc- 
sion  that  the  motor  was  a  shunt  motor,  and  it  is  interesting  to  note  Ibc 
valuable  part  played  by  the  additional  series  winding  in  this  method  of 
regenerative  control 
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Mr,  A.  R.  F  EARN  LEY ;  It  must  be  very  gratifying  to  Messrs.  Rawortb  Mr. 
EO  find  regcui-^radve  control  giving  satisfaction  at  the  present  time,  "  *^" 
for  they  have  encountered  considerable  difficulties  and  opposition  in 
their  efforts  in  endeavouring  to  solve  this  problem,  I  do  not  agree 
with  the  author  in  every  respect,  but  no  doubt  he  will  be  able  to 
enlighten  me  on  the  points  at  issue.  Regarding  the  temperatures, 
|hcse  are  put  down  at  least  25  per  cent,  higher  than  those  we  get 
Ijfcith  series  motors  on  the  Sheffield  tramway^.  If  we  are  to  have  a 
saving  of  10  per  cent*  in  current,  and  in  turn  an  increase  in  renewals 
juid  maintenance,  there  will  be  little  or  no  gain  in  adopting  the 
l-egenerative  system.  It  hiis  been  remarked  in  a  polite  manner  in 
the  advertisements  of  the  supporters  of  this  apparatus  that  there  is 
lack  of  appreciation  on  tlie  part  of  tramway  nianagers  generally  in 
not  taking  up  this  question  in  a  sufficiently  eager  manner.  It  is  not 
iJtogether  a  question  of  the  1  power  bill,  but  of  the  general  fmancial 
result.  If  we  are  to  gain  in  the  power  bill  at  the  expense  of  another 
equally  important  department,  I  do  not  see  the  justification  for  the 
chsinge.  With  reference  to  the  author's  statement  that  it  is  possible  to 
obtain  60,000  miles  from  chilled  wheels  with  regenerative  control^  I 
should  be  very  much  interested  to  hear  w4iere  they  are  getting  these 
jesuUs  with  chilled  wheels  of  any  description,  as  it  is  a  considerable 
Improvement  on  my  experience  in  this  direction,  I  had  the  pleasure 
of  an  invitation  from  Mr,  Ra worth  to  visit  certain  towns,  incl tiding  Bir- 
mingham, Spen  Valley,  Scarborough,  and  Fenge,  to  inspect  the  apparatus 
tmder  trials  and  I  am  pleased  to  say  that  on  each  visit  I  found  some 
improvement  on  the  previous  place  visited,  and  at  Penge,  tlie  last  place 
visited*  considerable  improvement  had  been  made,  yet  even  there  I  did 
not  see  anytliing  which  would  justify  me  in  changing  over  from  the 
present  equipment  to  regenerative  control,  1  do  not  agree  with  Mr, 
Ba worth  respecting  the  safety  of  cars  equipped  \dth  regenerative 
equipment,  as  in  my  opinion  there  is  exactly  the  same  danger  with  tbis 
type  as  in  coasting  with  a  magnetic  track  brake,  and  for  a  town  of 
considerable  gradients  which  gives  the  advantages  to  the  regenerative 
principle  it  would  also,  in  my  opinion,  be  attended  with  considerable 
risk  if  the  regenerative  control  w^as  used  as  the  brake, 

Mr,  R.  L*  ,\CLA\'D :  As  regards  the  acceleration  of  these  cars  I  should  Mr.  AdamL 
like  to  ask  the  author  liow  it  compares  with  the  ordinary  series  parallel 
control,  as  this  point  would  be  of  great  importance  on  a  large  system* 
We  arc  all  aware  that  with  the  series  parallel  control  a  very  high 
acceleration  can  be  obtained,  I  should  also  like  to  ask  how  the  Board 
of  Trade  views  the  system*  and  whether  they  permit  the  use  of  only  the 
hand-brake  with  the  regenerative  control,  or  whether  they  also  insist 
on  a  third  brake  for  emergency,  I  should  like  to  know  what  would  be 
the  effect  on  the  generator  if  several  of  these  cars  in  parallel  were 
running  down  hill,  and  tending  to  run  the  generator  as  a  motor^  as 
might  be  the  case  on  a  small  system,  as  at  Chesterfield,  where  there  are 
only  six  or  seven  cars  on  the  line  and  the  load  ammeter  often  drops 
to  zero.    It  would  bs  interesting  to  know  how  this  difficulty  is  over- 
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come.  I  have  had  consideriabLe  ejcperience  with  the  magnetic  tnek 
brake,  which,  although  I  consider  it  to  be  ooe  of  the  best  from  tht 
point  of  view  of  safety,  undoubtedly  puts  much  more  wiork  on  the 
armature,  and  thus  causes  higher  maintenance  costs.  It  appears  to  mr 
that  if  motors  arc  to  be  used  almost  continuously  either  as  motors  a 
generators  the  ordinary  rating  must  be  decreased  and  larger 
ii!iedj  or  the  upkeep  will  be  very  much  higher,  the  same  res 
appl3'ing  to  both  the  *'  regenerative  control  *'  and  to  the  use  of  the 
magnetic  as  a  *'  service  "  brake.  When  an  armature  bums  out  oo  the 
road,  according  to  the  diagram  submitted,  I  understand  that  the  moim 
is  cut  out  in  the  same  way  as  on  the  series  parallel  controller,  Rcgafd' 
ing  the  automatic  cut-out  carried  on  the  cars,  I  understand  thai  if  a  eaf 
is  coming  down  a  gradient  and  the  trolley  comes  oflf,  this  arrangeoieDt 
is  brought  into  action  when  the  voltage  on  the  motors  (runmng  i& 
generators)  rises  to  600 ,  putting  the  other  pole  to  "earth"  thr 
a  resistance  and  using  the  motors  in  the  ordinary  way  as  a  rhco! 
brake,  but  if  the  commutators  are  not  clean  there  seems  to  be  a  danger, 
with  the  increased  voltage,  of  flashing  over  before  the  coil  on  tW 
automatic  switch  has  time  to  operate. 

Mr,  H,  E.  Verbury  {communicated)  i   It  appears  to  me  that  the 
change  from  ordinary  scries  control  to  series  parallel  has  been  the 
salvation  of  the  regenerative  system,     I  admit  that  I  was  very  much 
disappointed  at  the  result  of  my  visit  to  Dcvonport  in  19014,  when  I  was 
instructed  by  the  Tramways  Committee  to  take  tests  and  report  generally 
on  the  system.   No  useful  purpoisc  would  be  served  if  I  gave  the  figures 
then  obtained  respecting  current  consumption!  temperature  of  motors, 
or  described  the  brilliancy  of  the  pyrotechnic  display  which  I  witnes«d 
on  lifting  up  the  motor  covers  when  the  car  was  mounting  a  steep 
inchne,  with  the  shunt  field  weakened  to  the  extent  necessary  to  ^ve 
a  reasonable  speed*     I  am  glad  to  learn  these  troubles  arc  now  oWf- 
come^  and  I  have  no  doubt  that  my  faith  in  regenerative  control  will 
be  considerably  stretigthcned,  if  I  do  not  become  an  actual  convert, 
when  I  have  another  opportunity  of  inspecting  and  testing  the  system, 
From  a  theoretical  standpoint  the  system  may  be  called  ideal,  for  wi: 
are  all  anxious,  not  only  for  the  safety  of  passengers,  but  that  the 
motormen  should  be  relieved  as  far  as  possible  from   the  maaual 
labour  which  is  now  entailed  in  the  application  of  the  ordinary  hand* 
brakes,  and  1  look  upon  the  saving  in  current  consumption  of  secondary 
importance  when  compared  with  the  advantages  of  an  easy,  safe,  aiid 
economical  method  of  control.     Respecting  current  consumption  ;u34 
the  saving  effect  of  regeneration,  it  appeals  to  me  to  be  reduced  to  1 
somewhat  fine  limit,  as  I  understand  that  a  car  must  be  tniveUiag  ov«f 
4  miles  per  hour  before  any  useful   regenerative  effect  is  attained 
and  when  the  voltage  from  the  motors  increases  up  to,  say,  600  lie 
useful  effect  of  regeneration  is  cut  off  by  the  automatic  switch,  which 
I  am  tokl  now  effectively  prevents  the  original  troubles,  stich  as  burnt- 
out  lamps,  opening  of  circuit-breaker  at  power  station,  and  occ%i3ionil 
reversals  of  generator  polaritiesj  and  other  irregularities  of  a  disturbing 
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Bcharactcr.  I  am  somewhat  surprised  to  note  that  on  one  test  at  Penge  Wr. 
KH  was  foynd  that  6*5  per  cent,  less  cun  tint  was  tikcii  by  the  regenera-  "  ^^' 
Hlli^e  car  (ignoring  the  regener;itive  effect)  than  by  the  series  motor  car* 
BAs  I  have  yet  to  learn  that  a  shuntnvound  motor  is  more  efficient  thaQ 
Va  series  motor,  I  would  like  to  ask  Mr*  Raworth  how  he  account  for 
Hthis  reduction  and  whether  it  is  brought  about  by  the  more  rapid  rate 
H?of  acceleration.  I  am  inclined  to  think  that  the  controller  handle  on 
■a  regenerative  car  needs  more  careful  manipulation  than  is  sometimes 
Hseen  in  the  **  slashing  round"  on  the  ordinary  series  parallel  equipment^ 
land  I  would  like  to  ask  Mr,  Raworth  the  estimated  life  of  a  motor  with 

■  a  commutator  and  coils  workinj^  at  a  temperature  of  over  100*^  F,  above 
H  the  atmosphere.  I  am  of  opinion  that  the  best  res\iUs  (including 
I  rcasouable  life)  will   be  attained   by   having    larger    motors    and,   if 

■  possible,  ventilated  carcaisses^  although  I  note  that  the  author  of  the 
B paper  boldly  states  that  it  can  be  taken  as  a  fact  that  any  motor 
B  which  is  good  when  series  wound  is  good  also  as  a  regenerative 
Btnotor. 

H        Mr.  E.  J,  MAuRSH  :  I  should  like  to  ask  the  author  if  the  arrange-   Mr,  ifanh. 
H  ment   which  he  describes  for   automatically  cutting   out   when  the 

■  voltage  reaches  600  replaces  itself,  because  if  so  it  seems  likely  to 
B^use  considerable  trouble  if  the  controller  happens  to  be  half  open ; 
Bor  perhaps  the  motor  men  are  instructed  to  put  it  back  ?  If  it  needs 
Bio  be  replaced,  I  imagine  that  a  good  many  of  the  drivers,  when  they 
B  find  that  they  cannot  get  power  to  Ihe  motors,  will  be  found  sitting 
Bin  the  car  waiting  for  the  power  to  come  on.  I  should  also  like  to 
B  know  what  would  be  the  effect  on  the  motors  and  equipment  with 
H  tlus  system  in  the  event  of  the  controller  being  turned  from  the  first 
I  to,  say*  the  fifteenth  notch  without  a  pause.  This  is  frequently  done 
I  with  the  series  parallel  equipment  without  serious  damage.  Regarding 
B  Ihc  tests  at  the  end  of  the  paper,  I  should  like  to  ask  whether  these  tests 
B  were  taken  with  an  ammeter  in  front  of  the  man  who  was  driving  the 

■  car,  and  whether  he  was  an  ordinary  motorman,  whose  chief  thought 
B  was  how  to  get  from  one  end  of  the  city  to  the  other.  1  am  of  opinion 
B  that  if  the  ammeter  was  in  full  view  it  would  be  possible  to  get  much 
B  better  results  by  keeping  the  car  at  certain  speeds  than  by  the  ordinary 
B  method  of  using  the  controller. 
B        Mr.   E,  A.  Paris  :  The  company  I    represent  has  fourteen  cars   Mr.  PiiriT 

■  equipped  with  the  first-evolved  series  parallel  controllers.     I  did  not 

■  notice  in  Mr.  Ra worth's  paper  the  interesting  and  historical  fact  of  the 
m  birthplace  of  this  controller^  and  in  justice  to  the  company  I  represent 
I  this  oi^l^li*  to  be  mentioned.    The  unfortunate  conditions  under  which 

■  the  system  has  had  to  be  worked  up  to  the  present  prevent  us  from 
I  fully  profiting  by  all  its  advantages.  Regarding  the  supply  of  current, 
I  power  is  taken  from  four  different  authorities,  who  have  different  units 
B  of  pSant.  In  one  authority's  boundary  equipped  with  accumulators  we 
'  have  no  trouble,  but  in  all  the  others  there  is  trouble  owing  to  the 
I     return  current,  so  that  we  have  to  coast  down  the  hills  to  prevent  the 
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been  broken  in  consequence  of  the  hi^h  E.M*F,  generated  as  soon  as 
the  station  breaker  comes  out,  but  all  tUese  troubles  are  to  disappear  a^ 
soon  as  the  apparatus  shown  in  Fig.  3  of  the  paper  is  installed.  \Mi4l 
wc  can  say  is  that  we  have  very  little  repairs  and  adjustments  to  mafe, 
aod  that  when  we  are  in  full  swing  and  free  from  the  station  trouMcsv 
a  saving  of  current  as  well  as  a  considerable  saving  in  wear  and  lor 
of  brakes  and  in  labour  will  no  doubt  result.  As  only  a  fifth  of  our 
cars  are  fitted,  the  saving  in  current  over  the  whole  system  does  mft 
amount  to  more  than  about  5  per  cent*,  if  as  much  ;  taking  current  it 
i'5d,  per  unit,  they  should  save  75,000  units,  or,  roughly,  £464.  The 
saving,  how*ever»  in  other  directions  should  make  this  figure  quik 
acceptable  as  a  set-off  against  the  extra  outlay.  One  important  point 
about  cars  equipped  with  this  system  of  control  is  that  they  iire  far 
less  likely  to  collide*  The  car  is  kept  better  in  hand  thao  with  the 
ordinary  series  parallel  controller,  in  conjunction  with  which  the  hand- 
brake  is  required.  I  do  not  think  that  we  have  had  any  collisions  with 
cars  fitted  w^ith  regenerative  control. 

Mr.  A.  K.  Baylor  :  I  should  like  to  mention  a  few  practical  points 
that  have  been  referred  to  by  one  or  two  speakers,  showing  that  in  the 
minds  of  the  speaker s^^and  it  seems  to  be  very  general  among  tiam- 
way  engineers — ^anxiety  exists  as  to  working  tramway  motors  as  gene* 
rators.  It  seems  to  be  the  general  opinion  that  the  operation  of  the 
regenerative  system  introduces  certain  disadvantages  in  the  practiol 
working  of  the  car  that  scries  parallel  control  does  not  possess.  As  a 
matter  of  fact,  ever  since  traction  motors  have  been  in  general  t»jc 
every  engineer  has  had  his  eye  on  regeneration.  He  has  known  of  iii 
possibilitjesj  and  it  has  only  been  a  matter  of  practicability.  The  early 
motors  could  not  be  handled  in  this  way  because  of  excessive  heating 
and  sparking.  Although  the  motors  must  heat  more  than  they  would 
with  ordinary  series  parallel  control,  yet  this  heating  docs  not  extend 
into  a  dangerous  zone.  In  fact,  the  heating  and  sparking  difficulties 
have  practically  disappeared,  and  it  is  possible  to  take  advantage  of  the 
great  saving  in  current  and  also  in  wheel  and  brake  wear  and  tcif 
without  attendant  disadvantages,  Mr,  Raworth  has,  during  ihc  U**t 
few  years,  worked  out  and  perfected  the  controller  and  the  -variosi* 
accessories,  such  as  the  high -voltage  cut-out  switch,  etc.,  which  haw 
been  found  necessary  in  actual  practice.  The  equipment,  as  it  cxiils 
to-day  on  many  cars  throughout  England,  is  in  every  way  practicable^ 
and  in  accordance  with  tramway  engineers'  ideas  of  standard  practice. 

As  regards  the  working  of  the  system,  I  would  mention  the  Crystal 
Fatacc  line.  This  place  is  particularly  adapted  for  demonstrating  tk 
principle  of  regenerative  control.  It  is  very  steep,  and  at  the  foot  ot 
Ihc  bill  there  is  a  series  of  undulations^  which  give  an  opportunity  flf 
showing  the  regenerative  effect  particularly  well,  On  a  hilly  line  lite 
this  the  additional  safety  due  to  regenerative  control  is  espedallv 
emphasised.  As  to  the  handling  of  the  con  trolley  one  speaker 
asked  what  would  happen  if  the  man  brought  his  controller  handle 
back  too  rapidly*     Supposing  a  man  wilh  an  ordinary  series  paratlct 
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conlrolbr  brought  his  handle  rapidly  from  the  first  notch  to  the  !ast^    Mr,  Bsyior 
he  would  bring  out  the  circuit-breaker  or  blow  a  fuse^  or  something 
else  undesirable  would  happen.     The  men  do  not  do  it^  because  they 

arc  told  not  to  do  so.     They  become  accustomed  to  the  equipment,  and  I 

they  do  not  do  it.  They  would  quite  as  readily  become  accustomed  to 
the  regenerative  control,  and  would  not  bring  their  handles  back  too 
quickly:  If  a  man  should  do  so  he  would  probably  be  thrown  over  the 
dasher  into  the  street^  and  would  not  want  reminding  again*  If  we 
t^ke  the  evidence  of  the  men  themselves,  we  are  told  that  they  much 
prefer  the  regenerative  control.  I  have  handled  tram  cars  on  various 
gradients,  and  I  am  sure  that  in  hilly  districts  it  is  no  joke  to  bring  a 
heavy  car  down  on  its  brakes,  but  when  a  man  feels  that  he  has  got  the 
whole  of  the  load  under  his  control  without  any  muscular  effort,  it  adds 
greatly  to  the  safety  of  running,  because  it  relieves  him  of  the  nervous- 
ness which  often  prevails. 

The  accidents  which  have  occurred  at  High  gate  and  elsewhere,  and 
on  which  the  Board  of  Trade  has  been  reporting  recently,  emphasise 
the  safety  of  regenerative  control,  and  I  venture  to  say  that  the  Hi^h- 
gate  car  was  in  perfectly  good  braking  condition  when  it  went  over  the 
brow  of  the  hill,  but  for  some  reason  or  other  the  man  alb  wed  the  car 
to  accelerate,  and,  after  it  got  beyond  a  safe  point,  he  was  either  uriable 
to  pull  it  up  or  lost  his  head.  After  that  the  accident  was  inevitable. 
With  the  regenerative  system  the  car  can  be  taken  over  the  brow  of 
the  hill  with  the  brakes  thrown  entirely  off  and  the  controller  handle 
set  on  one  of  the  early  running  notches,  say  4  or  5  miles  per  hour,  and 
the  car  will  ghdc  down  the  hill  at  that  speed.  It  cannot  go  any  faster 
or  any  slower*  It  cannot  get  out  of  hand.  This  point  appeals  to 
everybody  using  cars  in  hilly  districts.  I  am  perfectly  satisfied  that  in 
a  very  few  years  regenerative  control  in  some  form  will  be  absolutely 
universal  on  tram  cars. 

Mr.  H.  C.  jKXKi\s  :  There  is  one  point  I  should  like  to  mention. 
The  author  states,  regarding  tramway  accidents  generally,  that  the 
electric  brake  may  not  build  up  owing  to  a  dirty  commutator  or  a 
dirty  controller,  I  imagine  that  the  same  thing  would  happen  with 
the  regenerative  control,  as  there  would  be  a  break  in  the  circuit  as 
with  the  electric  brake. 

Mr.  R  C.  GoLOSTOS* :  Having  personally  operated  both  kinds  of 
cars^  I  am  perhaps  in  a  better  position  than  most  people  to  speak  as 
to  their  performance.  First  of  all,  with  regard  to  the  difficulties  in 
operating^  no  matter  what  the  rails  or  gradients  may  be  like,  prac- 
tically the  same  resuhs  can  be  obtained  with  a  regenerative  car  as 
with  a  car  fitted  with  ordinary  series  parallel  control.  There  is  a 
little  difficulty  in  starting.  On  a  steep  gradient,  with  on  favourable 
conditions  of  rail,  there  may  be  a  little  more  difficulty  in  starting 
witli  the  regenerative  control,  because,  as  the  diagram  shows,  the 
resistance  notches  to  start  with  arc  rather  less  in  number  than  those 
on  ordinary  controllers.  There  are  more  notches  on  the  ordinary 
controller  than  on  the  one  before  us  ;  therefore  the  notches  must  be 
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further  apart  and  the  jumps  accentuated-  This  is  the  oaly  difikiilty. 
With  regard  to  running  down  hills,  the  effect  of  the  regenerative  car  li, 
of  course,  to  give  the  motomian  every  confidence*  as  on  descending  a  hill 
the  controller  is  not  switched  off,  but  is  j^till  kept  on  one  of  the  runoing 
notches  according  to  the  speed  required.  The  car  will  then  travel 
downhill  at  the  same  speed  as  it  would  on  thQ  level  or  uphill,  tlve 
difference  beings  of  course,  that  the  motors  arc  giving  back  currenl 
taking  a  small  amount,  or  taking  a  large  an\onnt,  according  to  the 
gradient.  The  fact  of  the  car  not  accelerating  when  it  gets  over  tlw 
brow  of  a  hill  is  a  great  point  in  the  matter  of  safety.  There  is  one 
point  regarding  the  descending  of  very  steep  hills,  and  that  is,  if  you 
have  track  brakes  on  the  car  it  is  just  as  well  to  appJy  thcin,  because  if 
the  gradient  is  very  steep*  say  13  or  13  per  cent.,  the  wheels  are  liable 
to  slip  (not  skidj  for  you  cannot  lock  the  wheels),  but  the  momentum  of 
the  car  is  liable  to  overrun  the  speed  of  the  w^hecls,  and  the  car  maybe 
slipping  down.  If  there  is  a  track  brake  fitted  to  the  car,  by  applying 
it  as  before  stated  any  tendency  lo  slip  is  eliminated.  We  have 
mechanical  track  brakes  fixed  to  our  cars,  and  it  is  invariably  oar 
custom  to  use  them.  On  the  ordinary  hills  this  effect  is  not  so 
serious »  Regarding  the  life  of  the  motors,  the  heating  is  slightly 
higher  than  those  of  the  ordinary  series  parallel  type,  but  with  3 
Brush  45-H»P*  rnotor  rated  at  135^  F,  temperature  rise  after  i  hom 
run  at  full  load,  the  temperature  rise  above  ;EeroJn  a  numlier  of  expert* 
ments.  was  as  follows :  The  temperature  of  the  shunt  winding  rose 
to  150°  F.  The  temperature  of  the  armature  rose  to  l6o°  F.  With 
the  ordinary  series  parallel  controller  fitted  on  an  exactly  t^imitar  (^ 
and  running  over  the  same  road,  the  temperature  of  the  armature 
winding  was  tid^  F.  and  the  temperature  of  the  field  winding  100°  F. 
The  number  of  hours  that  the  car  ran  was  15.  It  wUl  tjjerefore  be 
seen  that  the  difference  in  temperature  is  very  little,  and  is  well  within 
what  the  makers  of  the  motors  guarantee  as  Ibeir  rated  temperature* 

The  difficulties  with  the  armatures  with  regenerative  control  arc  of 
little  moment,  and  I  can  say  that  we  have  never  had  an  armature  burnt 
out  with  this  system.  As  a  m:itter  of  factj  also,  we  have  never  had  an 
armature  burnt  out»  through  any  electrical  fault,  on  a  car  fitted  with 
West ingho use  brakes. 

With  regard  to  maintenance,  a  very  considerable  saving  liits  been 
effected »  such  as  the  upkeep  of  brakes  and  other  parts  which  have  lo 
be  seen  to  every  day,  W'ith  the  ordinary  series  cars  running  on  sotQC 
of  the  worst  routes  the  brake  blocks  last  from  five  to  six  weeks  (the 
cars  do  not  run  every  day,  but  every  second  day^  as  there  is  practi- 
cally a  double  shift),  but  with  the  regencrati%'C  cars  I  find  that  brake 
blocks  last  from  five  to  six  months,  which  is  a  ver\*  big  saving  both 
in  material  and  labour.  The  adjustment  of  the  brakes  of  an  ordinarv 
car  must  be  carried  out  on  an  average  about  every  day,  but  the  adjust^ 
ment  of  the  brakes  on  cars  fitted  with  regenerative  control  about  onct 
a  week.  They  are,  of  course,  examined  every  day,  but  the  adjustments 
are  not  necessary.     I  also  find  that  the  adoption  of  this  system  docsnOt 
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ean  aii  increase  in  staff  for  the  lo  e^tra  cars  which  wu  have,  and  that 
ctly  the  same  staif  deals  v^ith  the  work.   The  only  other  item  of  impor- 

nce  is  tht?  power  supply .  We  have  four  power  stations  to  deal  with  and 
btir  different  systems  of  supply.  With  one  of  them  which  consists  of 
thtmt  maGhines  with  a  tiattery  and  booster  we  have  no  trouble,  as  the 

generative  cars  when  returning  current  to  station  simply  clmrge 
tbc  battery.  The  other  systems  have  compound  machines  without 
batteries,  and  one  of  them  has  the  reverse  current- breakers  set  to  a 
fcty  sensitive  degree,  so  as  to  come  out  at  15  or  20  amperes  of  reverse 
Surrent  In  consequence  of  this  regenerative  cars  are  not  run  on 
his  section.     In  the  other  two  the  reverse  breakers  are  not  nearly  so 

nsitive,  and  therefore  not  very  liable  to  open.  Although  the  current 
sometimes  cut  off,  we  tiave  never  experienced  any  ill  effects  as 
fcgards  safety.  The  motormen  were  aware  of  what  had  happened. 
pnd  apphed  the  ordinary  brakes  and  pulled  up.  In  addition  to  tlie 
Wdinary  brakes  (hand  and  track)  there  is  the  rheostat ic  brake  similar 
that  fitted  to  the  ordinary  series  parallel  cars,  which  can  be 
Used  when  the  current  goes  off.  Another  point  with  regard  to 
pyrrent  going  off  or  the  trolley  being  de-wircd :  even  if  this  happens 
the  shunt  motors  will  retain  their  helds  for  a  certain  time  so  that  the 
^r  can  drift  down  the  hill  without  accelerating,  and  eventually  come 
to  a  stand  still  without  danger  of  rutmin^  away. 

Mr.  H.  O.  Wraith  :  The  principal  objection  to  this  system  of  re- 
generative control  appears  to  be  the  temperature  rise  in  the  motor  and 
;»parking.  To  get  over  the  heating  is  surely  only  a  matter  of  increasing 
the  quantity  of  material  in  the  motor.  This,  of  course,  addsto  the  capital 
cost  of  the  equipment,  but  if  a  saving  could  be  effected,  as  in  the  cost  of 
Upkeep  of  brakes,  it  appears  worthy  of  adoption*  I  am  not  a  traction 
engineer,  but  I  have  had  a  good  deal  of  experience  with  both  shunt 
and  compound  wound  motors  where  the  speed  has  to  be  varied  under 
more  severe  conditions  than  in  a  Iramcar,  and  it  is  wonderful  what  a 
properly  designed  motor  can  stand.  The  case  in  my  mind  is  an  idea 
used  for  reciprocating  machinery  where  the  motor  is  reversed  and  has 
to  run  at  different  speeds  when  running  forward  and  when  reversed, 
And  we  have  to  make  nsc  of  regenerative  and  other  effects  for  reversing 
the  motor.  If  Mr  Ra worth  has  trouble  with  sparking  and  flashing  on 
the  motors,  I  think  the  electrical  design  of  the  motors  is  at  fault, 
and  this  should  be  easily  remedied.  Regarding  the  handling  of  the 
controller,  although^  of  course,  it  should  not  happen^  we  cannot  avoid 
getting  a  certain  amount  of  mishandling  at  the  hands  of  the  average 
tram-driver,  and  1  would  like  to  know  what  really  has  been  the 
experience  of  the  result  of  rough  usage  of  the  controller  with  this 
system.  It  would  also  He  very  interesting  to  hear  how  the  capital  cost 
of  the  regenerative  control  equipment  compares  with  that  of  the 
ordinary  series  parallel  system, 

Mr,  W.  N.  Y.  KixG  :  1  should  hke  to  ask  Mr.  Ra  worth  how  the  con-    Mr.  King,      j 
ditionsof  service  affect  the  amount  of  energy  returned  to  the  line.     For 
iaslancei  with  a  service  where  the  slopping- places  are  only  a  short  dis- 
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tance  apart  and  consequently  the  cars  pull  up  every  minute,  the  amcrant 
of  energy  returned  to  the  line  would  be  less  than  in  a  country  district 
where  the  stop  ping- places  are  a  considerable  distance  apart.  In 
SheRield  the  gradients  are  very  steep  and  of  coni»idenible  length,  sotnc 
of  them  2  miles,  but  still  the  cars  have  to  stop  very  f requeDtly,  and 
under  these  conditions  there  would  not  be  so  much  energy  returned  to 
the  line  as  may  be  expected  from  the  gradients* 

Mr.  VVm.  Baxter  {commit ftkaM) :  In  this  paper  Mr»  Ra worth  raises 
the  old  question  vt^hen  he  says  that  "  It  can  be  taken  as  a  fact  thai  any 
motor  which  is  good  when  series  wound  is  good  also  as  a  regenerative 
motor,"  I  presume  that  the  full  field  speed  of  the  re* wound  motor^^ii 
kept  down  to  the  same  figure  as  when  series  wound.  This  being  the 
case,  it  is  very  difficult  to  sec  how  a  greater  temperature  rise  can  be 
avoided.  For  instance,  take  the  case  of  the  motors  running  on  Ibe 
route  from  Selby  Road  to  Crystal  Palace  and  back.  So  far  as  the 
motors  are  concerned,  the  regenerated  output  has  just  the  :^me 
heating  effect  (per  unit,  In  a  given  time)  as  the  input  from  the  linc- 
For  the  regenerative  car  the  sum  of  these  units  amounts  to  6'2,  agaiast 
5*3  (average)  for  the  series  parallel  car  The  average  load  on  the 
regenerative  motors  is  thus  17  per  cent,  greater  than  that  on  the  series 
parallel  ones.  In  this  connection  the  temperatures  given  in  Table  IV, 
are  of  little  or  no  value  without  corresponding  iigures  for  series  paraild 
motors  running  on  the  same  routes.  Again,  unless  the  re* wound  motors 
are  fitted  with  commutators  having  an  increased  number  of  segment 
the  sparking  constants,  when  running  on  notches  14  and  15,  will  not  be 
as  good  as  they  were  before  re-winding.  Raising  the  normal  speed  of 
the  motors  would,  of  course,  help  to  get  over  the  sparking  difficultv, 
but  higher  gear  ratios  would  be  necessary.  As  these  usuaUy  run  about 
5  r  I,  very  little  can  be  done  in  this  direction.  Full  data  for  a  rc-wouttd 
motor  would  have  made  Mr.  Ra  worth's  paper  still  more  interesting, 
at  least  from  a  designer*s  point  of  view.  On  studying  Table  IL, 
the  first  thing  that  strikes  one  is  that  one  of  the  meters,  while  on  the 
series  parallel  car,  ran  at  least  8  per  cent-  faster  than  the  other,  for 
part  of  the  time.  As  this  meter  had  previousty  been  used  for 
measuring  the  intake  on  the  regenerative  car,  it  is  quite  possible 
that  the  net  units  (3*8)  are  overstated,  and  that  conscqueoUy  ihc 
saving  by  the  regenerative  system  is  understated.  In  this  connection  il 
would  be  interesting  to  know  jf  there  was  any  reason  for  stopping  the 
car  twelve  times  going  dawtt  to  Selby  Road  and  only  six  limes  going 
up  the  hill  to  the  Crystal  Palace* 

Mr.  J,  S.  R.\ WORTH  ;  There  is  one  element  in  the  theory  of  regenera- 
tion which  is  apt  to  be  lost  sight  of,  namely,  that  for  any  given  ficki 
strength  there  exists  a  definite  speed  of  armature  varying  only  to  aver}' 
slight  degree  as  the  machine  changes  from  motor  to  generator,  and 
secondly,  that  with  any  given  armature  speed  the  tie  Id  strength  is  the 
same  whether  it  be  produced  by  shunt  winding  or  by  scries  winding- 
As  regards  heating,  it  is  obvious  that  the  regenerative  motor  must  mo 
at  a   higher  temperature  than   the   ^ame   size  of  series  motor,    The 
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practical  question  to  be  decided  is,  does  the  higher  temperature  exceed 
the  safe  limiti  that  is  to  say,  the  temperature  at  which  deterioration  of 
the  insulating  material  commences?  Up  to  a  certain  temperature^ 
which  is  certainly  not  less  than  212°  F.,  there  is  no  deterioration,  but  if 
the  limit  be  passed  the  destruction  of  the  cotton  is  completed  in  a  very 
short  time.  This  is  common  knowledge.  One  of  the  great  advantages 
of  the  system  described  in  the  paper  is  that  it  can  be  applied  to  exist- 
ing  motors,  but  wc  never  undertake  to  convert  a  motor  which  is  already 
dverworked,  and  if  we  supply  new  motors  w^e  select  some  with  a  good 
margin  of  power. 

The  tests  of  temperature  quoted  in  the  paper  and  by  Mr.  Goldston 
show  that  the  heating  is  not  excessive.     I  liad  some  time  ago  to  con- 
sult no  less  an  authority  than  Mr.  Parshall  on  this  question  of  heating. 
I  mention  this  because  there  seems  to  be  an  idea  in  the  minds  of  some 
of  the  speakers  that  if  the  temperature  of  a  motor  be  limited  to  120'  F. 
the  insulation  will  last  longer  than  ttiat  of  a  motor  which  attains  a 
temperature  of  140"^  F,     My   opinion    \^  that    it   does    not,     I    put 
the  question  to  Mr.  Parshall,  and  he  said   he  did  not  know  exactly 
where  the  danger  limit  was,  but  he  knew  ttint  160^  was  well  inside 
the   limit,  as  all  the   motors   on   the   London   Electric   Railways  are 
running  at  that  temperature   and  give  no  trouble.      Provided,  there* 
fore,  that  we  do  not  go  beyond  the  limit  of  safety,  we  arc  not  more  likely 
to  burn   out  at  160''  than  at  120'.    As   regards  .sparking  at  the  com* 
mutator,  this   has  entirely  ceased   now  that  w^e   have   perfected  the 
paralleling  controller^    With  the  old  scries  controller*  careless  driving 
produced  sparking.     The  points  raised  in  Mr.  Baxter's  communication 
are   nearly  the  same  as  those   referred   to   by  other  speakers.     The 
normal  specified  rise  of  temperature  on  one  houfs  test  at  rated  load  is 
75*  C,  or  135'' F.      The  quoted  tests  show  that   this  limit  is    never 
reached.    There  is  no  necessity  to  redesign  the  commutators  or  to 
increase   the  armature   speed   to   cure  sparking,  because  there  is  no 
sparking.     The  reason  why  the  car  stops  more  frequently  in  descend- 
ing the  Cr^'stal  Palace  Hill  than  in  ascending  is  because  the  Board  of 
Trade   has  fixed  a  number  of  compulsory  stops  on  the  dow  n  grade. 
With  regard  to  the  safety  iJi  descending  hills,  there  seems  to  be  a 
general  impression  that  in  the  event  of  the  trolley  leaving  the  wire  wc 
lose  control  of  the  car.     I  think  this  is  put  perfectly  clear  by  the  diagram 
submitted,  that  when  the  trolley  comes  off  the  motors  are  immediately 
put  to  earth  ;  but  in  addition  to  that,  if  anything  happens  within  the  con- 
troller or  within  the  motor  itseli,  when  the  handle  is  brought  round  on  to 
the  braking  position  we  get  on  to  a  new  set  of  contacts  exactly  similar 
to  those  in  an  ordinary  senes  parallel  controller,  for  the  static  braking. 
There  i**  just  another  point  I  may  mention,  namely,  that  if  the  cari* 
proposed  to  be  converted  are  already  fitted  witli  magnetic  track  brakes 
they  will  act  a  good  deal  more  effectively  with  this  controller  and 
these  motors  than  with  the  ordinary  series  motor,  because  they  are  not 
dependent  on   building    up  after  the  handle    is  moved    on    to    the 
braking  notches. 


Mr. 
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Mr.  Alfred  Ra  worth  (in  reply) :  I  am  exceedingly  obliged  for  the 
kind  way  in  which  the  paper  has  been  received.  Mr.  Fearnley  sajrs 
that  the  temperature  readings  which  I  have  given  are  at  least  25  per 
cent,  higher  than  those  which  he  has  obtained  in  Sheffield.  This  may 
be  so,  but  they  were  taken  on  different  types  and  sizes  of  motors  and 
on  various  roads,  and  I  think  every  one  will  agree  that  they  are  not 
excessive.  Mr.  Goldston  has  handed  to  me  the  following  table  of 
.some  temperature  readings  which  he  has  taken  on  both  series  and 
regenerative  motors  on  the  Yorkshire  (Woollen  District)  Tramways, 
which  afford  a  very  interesting  comparison.  The  weight  of  the  cars  in 
all  cases  is  9  tons,  and  they  were  in  service  for  sixteen  hours.  The 
type  of  motor  is  1202  B.  Brush,  the  regenerative  motors  being  series 
motors  re-wound. 


Armature  Winding... 
Commutator 
Field  Windings 
Atmosphere 


Temperatures. 


Series  Motors. 


R^enerative  Motors, 


I20'»F.;  iio*'F.  I  132*' F.;  148° F.;  135° F. 

132**  F.  j  I70'F. 

105°  F. ;  100''  F.      120°  F. ;  102°  F. ;  130^  F. 
55°  F.;  60°  F.-  55°  F.;  6o«»F. 


Mr.  Fearnley  said  that  in  his  opinion  a  car  working  on  the  regene- 
rative motor  brake  is  subjected  to  exactly  the  same  danger  as  a  car 
coasting  on  a  magnetic  track  brake,  but  this  is  a  mistake.  Two  of  the 
disadvantages  of  the  magnetic  track  brake  are  that  it  often  locks  the 
car  wheels  and  that  it  is  put  entirely  out  of  action  if  the  wheels  are 
locked  by  the  hand-brake.  But  the  regenerative  brake  cannot  under 
any  circumstances  whatever  lock  the  car  wheels,  and  it  is  entirely 
independent  of  and  unaffected  by  any  other  brake.  Repl)ring  to  Mr. 
Acland,  the  acceleration  obtained  is  the  same  as  with  series  motors  on 
the  low  speeds,  but  it  is  much  better  on  the  higher  speeds.  The  Board 
of  Trade  has  so  far  expressed  no  opinion  officially  with  regard  to  the 
safety  factor,  but  I  believe  that  the  regenerative  system  is  very  favour- 
ably viewed  by  their  advisers.  Mr.  Acland  also  asks  what  would 
be  the  effect  of  a  current  returning  to  the  station.  This  contingency 
is  provided  for  in  the  following  manner:  Should  a  reverse  current 
reach  the  station,  a  relay  actuates  an  electromagnetically  operated 
switch,  which  closes  a  circuit  between  the  busbars  through  a  resist- 
ance. Immediately  the  current  assumes  the  normal  direction  th^ 
switch  resets  itself.  This  apparatus  effectually  prevents  any  damage 
being  done  to  power  station  gear.  The  controller  shown  diagram- 
matically  in  Figs,  i  and  2  is  provided  with  the  usual  motor  cut-outs.  Mr. 
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Acland  is  correct  in  saying  that  the  braking  power  of  regenerative  Mr. 

control  should,  especially  at  this  time,  be  very  carefully  considered  by 

tramway  managers.    Mr.  Baylor  has  most  ably  described  the  chief 

points  of  the  braiding  function,  so  I  will  not  go  over  it  again ;  but  the 

qualities  that  more  particularly  deserve  attention  are  the  impossibility 

of  locking  the  wheels  and  the  fact  that  the  car  is  always  under  control 

and    therefore   cannot  accelerate  to  dangerous  speeds,  which,  once 

attained,  are  so  difficult  to  check.    Mr.  Yerbury,  when  he  inspected 

regenerative  cars  at  Devonport  in  1903,  saw  only  the  very  earliest 

development,  when  the  motors  were  permanently  connected  in  series  ; 

this  arrangement  has  since  been  abandoned,  and  all  the  defects  which 

Mr.  Yerbury  noticed  on  that  occasion  have  now  been  eliminated.    I  am 

glad  to  hear  that  Mr.  Yerbury  admits  the  perfection  of  the  regenerative 

system  from  the  theoretical  standpoint,  but  he  is  wrong,  however,  in 

thinking  that  the  regenerated  energy  is  decreased  by  the  automatic 

switch  diagrammatically  shown  in  Fig.  3.    This  switch  only  operates 

when   the  voltage  across  the  motors  rises  above  600,  and  this  only 

happens  when  an  open  circuit  occurs,  either  through  the  trolley  leaving 

the  wire  or  a  circuit-breaker  opening.     All  the  troubles  which  he 

mentions  are  prevented  by  this  switch,  and  it  also  has  the  advantage  of 

making  the  braking  of  the  car  independent  of  the  continuity  of  the 

supply  circuit.    Should  a  trolley  leave  the  wire,  the  switch  operates 

immediately,  and  the  motorman  can  reduce  the  speed  of  the  car  to 

2  miles  an  hour  by  the  ordinary  movement  of  the  controller  handle. 

Mr.  Jenkins's  conclusion  that  a  dirty  commutator  or  controller 

might  influence  the  braking  effect  of  regeneration  is  wrong.    The 

drcuits  used  for  regenerating  being  exactly  the  same  as  those  for 

propelling,  and  the  voltage  slightly  greater,  it  follows,  therefore,  that  if 

*.he  motors  will  not  regenerate  they  will  not  pull,  and  consequently  the 

,:ar  cannot  be  taken  out.    Replying  to  Mr.  Marsh's  question,  the  auto- 

natic  switch  which  operates  when  the  trolley  leaves  the  wire  does  not 

'eset  itself,  but  I  fail  to  see  that  a  motorman  would  be  more  likely  to 

*eave  it  open  than  he  would  the  ordinary  overload  circuit-breaker. 

As  regards  the  tests  at  the  end  of  the  paper,  those  at  Bristol  and 
Penge  were  made  on  special  cars,  and  the  motorman  knew  that  a  test 
was  being  made ;  but  this  is  true  of  the  series  motor  car  also.  The 
nstruments  were  in  both  cases  inside  the  car,  and  therefore  out  of  sight 
of  the  motorman.  In  the  case  of  the  Devonport  cars  the  tests  were 
made  while  the  cars  were  actually  carrying  passengers  in  service.  Mr. 
Wraith  asks  the  extra  cost  of  a  regenerative  equipment  over  a 
standard  type.  This  is  approximately  £^0  per  car.  I  would  also 
remind  him  that  we  have  not  so  far  designed  a  motor  for  regenerative 
control.  All  the  motors  which  are  running  regeneratively  arc  "  scries 
motors"  with  the  series  coils  changed  for  shunt  coils.  Mr.  King  asked 
how  the  conditions  of  service  affect  the  amount  of  energy  returned  to 
the  line.  In  the  case  of  going  up  a  gradient  a  car  may  have  a  straight 
run  up.  In  another  case  the  car  may  have  to  proceed  up  the  hill 
behind  a  coal  cart,  and  consequently  the  driver  may  have  to  run  on  the 


898  RAWORTH:  REGENERATIVE   CONTROL,  ETC.      [Leeds, 

^v^.  resistance  notches,  and  therefore  much  less  economically.  I  think  that 
I  have  now  replied  fully  to  every  one's  questions  and  criticisms,  but 
before  sitting  down  I  should  like  to  pay  a  tribute  of  appreciation  and 
thanks  to  Mr.  Paris  and  Mr.  Goldston  for  the  very  valuable  assistance 
which  they  rendered  during  the  experiments  with,  and  the  development 
of,  the  series  parallel  type  of  controller. 

On  the  conclusion  of  the  paper  a  cordial  vote  of  thanks  was  passed 
to  the  author  by  the  meeting. 


0 
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THE  HEATING  COEFFICIENT  OF  MAGNET  COILS, 


By  G.  A.  Lister,  B.Sc,  Associate  Member, 
\JFapcT  read  December  u,  1906.) 

Sykopsis.— Introduction — The  Healing  Coefficient  i  the  mean  ftiiai 
temperature  rise^  the  ma^cimum  temperature » the  surface  per  watt^ Variation 
of  the  Heating  Coei  lie  lent — Actual  Values  <if  the  Heating  Coetttcient : 
(1)  CtiU  supported  in  air  ;  (2)  coil  in  pnislliun  on  maciiineT  machine 
statkinaiy  ;  (5)  machine  running  [ij^htat  normal  s|H:i;rd  ;  (4)  maclune  running 
fully  loaded — Conclusion. 

IniroducHon.—Wh^n  discussing  R.  Gcldschmidt's  paper"  on  **  Tem- 
perature Curves  and  the  Rating  of  Electrical  Machinery,"  Professor 
Silvanus  Thompson  called  altcntiofi  to  the  discrepancies  which  exist 
between  the  figures  for  the  heating  coefticient  of  field  coils  as  quoted 
by  various  authorities.  By  the  heating  coefficient  is  meant  the  mean 
final  rise  of  temperature  above  that  of  the  surrounding  air  whicti 
would  occur  could  the  coil  absorb  energy  at  the  rate  of  one  watt 
per  ninit  of  radiating  surface.  Taking  the  teniperatme  rise  in  degrees 
Centigrade,  and  the  square  cenli metre  as  the  unit  of  surface,  the 
figures  range  from  Esson*s  355  to  Goldschmidts  1,500. 

The  great  range  of  these  figures  is  partly  due  to  the  entire  kick 
of  agreement  as  to  what  portion  of  the  surface  of  the  coil  should  be 
looked  upon  as  radiating  surface.  Some  experimenters  have  considered 
the  outside  cylindrical  surface  only,  others  the  outside  surface  pJns  the 
e^nds,  and  others  again  have  taken  the  whole  surface.  But  even  if  the 
figures  be  reduced  to  a  common  basis  in  this  respect  it  will  still  be 
found  that  they  disagree  to  a  great  extent.  This  may  be  accounted 
for  by  the  fact  that  the  experiments  were  carried  out  under  di  tie  rent 
conditions  on  different  types  of  coils  and  machines,  and  that  a  standard 
method  of  ascertaining  the  temperature  rise  was  not  adopted. 

Within  the  last  few  years  several  papers  and  articles  on  the  healing 
of  magnet  coils  have  been  pubUshed,^  but  the  work  done  has  been 

•  ^mtrnat  tttstihdton  ctf  Ekctncal  Ettf*ittien^  vot  54*  '^5*  F  ^^• 
f  E.  Brpwii.  **  Rise  of  Temperature  in  Field  Colls  of  DyiitlimW  jtmr/^n/  Imtitu- 
Umt  o/Slatrimi  Engmttrs.  vol.  30,  1901,  p.  1159  ;  Neu,  Levitie,  and  Havill,  "  Heating 
of  M signet  Colls,"  Ekctricat  World  atui  Et\gin<tr,  vol.  38,1901,  p.  56:  E.  H.  Hayn«r» 
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mainly  in  the  direcfcioii  of  dctermitimg  tbe  temperature  gndieots 
throughout  the  coil,  ratht^r  tliaa  the  meaa  temperattire  rise,  tipon 
which  the  heating  coefficient  depends. 

There  can  be  no  doubt  as  to  the  value  of  reliable  figures  of  the  heal- 
ing coefficient  to  designers  and  manufacturers  of  electrical  nriachiam- 
Upon  the  value  used  in  the  design  depends  the  temperature  rise  of 
the  machine*  and  consequently  the  rating.  It  has  become  mofi 
important  since  the  recent  revival  of  commutating  poles^  the  one  of 
which  has  done  so  much  to  increase  the  sparking  limit  of  machines, 
It  m*as  felt,  therefore,  that  further  experiments  on  the  temperature  rise 
of  magnet  coils  of  various  types  and  under  various  conditions  should 
prove  useful. 

By  the  kind  permission  of  Professor  Kapp  I  was  able  to  earn- out 
a  number  of  such  experiments  in  the  Electrical  Laboratory  of  Ibl 
University  of  Birmingham.  The  results  of  these  experiments  will  be  ' 
found  in  the  following  curves,  and  I  have  also  avmled  myt»dt  Oi 
the  data  published  in  the  papers  to  which  reference  has  already 
been  made. 

Tlie  Htiitittg  Coefficient, — The  heating  coefl^cient  as  applied  by  the 
designer  of  electrical  machinery  is  expressed  by — 

where — 

t    =  Mean  final  temperature  rise  in  degrees  Centigrade* 
Sft.  ^  Cod  surface  in  square  centimetres  per  watt  dissipated. 
Cji  =  Heating  coefficient. 

The  mean  final  temf^erature  rke  is  given  by  the  difference  betweeo 
the  mean  temperature  of  the  coil  when  it  has  reached  a  steadv 
value*  and  the  temperature  of  the  surrounding  air*  The  method  d 
measuring  the  temperature  of  the  coil  by  a  thermometer  is  unsalis^ 
factory*  This  is  due  to  the  difficulty  of  obtaining  consistent  readings, 
and  also  to  the  fact  that  the  temperature  of  a  coil  varies  considerably 
at  different  portions  of  its  surface,  as  has  been  pointed  out  by  Mesin^ 
Brown  and  Rayner* 

The  safer  way  is  to  determine  the  temperature  by  calculation  baied 
on  the  observed  increase  of  resistance*  This  gives  the  mean  tem- 
perature throughout  the  coil,  and  is  the  method  which  has  been  uid 
in  the  tests  here  recorded.  The  actual  resistances  are  conveniently 
determined  by  means  of  a  voltmeter  and  ammeter.  Care,  however, 
must  he  exercised,  as  an  error  in  estimating  the  resistance  is  consider 
ably  magnitled  In  the  final  result.  Again,  the  current  taken  by  the 
voltmeter,  if  allowed  to  p;iss  through  the  ammeter,  may  easily  introdwcr 
an  error  of  as  much  as  s""  of  temperature.  It  is  also  preferable  that 
the  resistance  of  the  coil  when  cold  be  measured  by  the  same  insttn^ 
ments  as  those  which  will  be  used  during  the  test,  the  measurement 

"  Kepfirt  tjn  Tcnipenilurc  Experiments  cnrried  nut  nt  the  Natloiii\l  F*hy5Jci»J  LiNw 
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being  taken  as  soon  as  the  current  has  reached  a  steady  value  after 
switching  on. 

Tht  Maximum  Tcmperaiurc, — The  ratio  of  the  maximum  to  the 
mcaji  temperature  of  a  coil  varies  with  its  dimensions  and  design,  and 
according  to  the  conditions  under  which  it  is  worked.  The  following 
average  values  of  this  ratio  are  taken  mainly  from  Mr,  Rayner's  report 
to  the  Engineering  Standards  Committee.  Mr.  Rayner's  tests  were 
made  on  machines  ranging  from  25  to  500  k.w. 


RATIO. 

CoNmTiojd^ 

Max,  tcmpcnitiire 
Mean  tctn|KTiitur& 

Stationary  coil  without  core ... 

I'll 

Coll  in  place  on  machine 

1*17 

j»            ^,          machine  running 

light    ...     i"i5 

„            ,,          machine  fully 

loaded       *..     1-175 

Very  few  values  are  over  vi,  and  this  is  consequently  a  safe  figure 
to  employ  when  estimating  the  maximum  temperature  of  the  field  coils 
of  fully  loaded  machines. 

The  Stiff  are  per  WaU.—Xs  previously  stated^  there  is  a  diversity  of 
opinion  as  to  what  portion  of  the  coil  surface  should  be  taken  in  ex- 
pressing the  *>urfacc  per  watt,  or  the  surface  to  be  provided  per  watt 
dissipated  In  the  coil. 

Messrs.  Neu,  Levine,  and  Havill,  in  tests  on  small  Crocker -Wheeler 
motors*  found  that  the  temperature  rise  for  a  given  amount  of  energy 
dissipated  was  considerably  greater  when  the  coil  was  supported  in  air 
than  when  placed  in  position  on  the  core  of  the  machine.  From  this 
they  concluded  that  conduction  of  heat  to  the  carcase  of  the  machine 
was  more  effective  than  direct  radiation,  and  the}'  proposi^d  a  con- 
duction constant  for  that  portion  of  a  coil  in  contact  with  the  core*  and 
a  radiation  constant  for  the  free  portion.  They  admit,  however,  that 
**  when  the  machine  is  running,  the  iron  does  not  cool  the  coils  so  much 
as  when  not  running.'^ 

Mr.  Rayner  stated  in  reply  to  the  discussion  on  his  paper  that  he 
had  observed  no  extra  cooling  due  to  the  iron  core.  In  fact,  with  a 
coil  fitting  tight  on  a  pole,  very  little  heat  abstraction  was  found  to  take 
place  on  the  core  side. 

My  own  tests  show  a  slight  increase  in  the  temperature  rise  when 
the  coil  is  placed  on  the  core,  this  small  effect  occurring  both  with  taped 
coils  and  with  coils  wound  on  a  metal  former.  In  view  of  the  fact  that 
the  temperature  rise  differs  so  very  little  in  the  two  cases,  it  seems  pre- 
ferable to  consider  the  total  surface  of  the  coil  when  dealing  with  the 
surface  per  watt,  and  to  use  a  *'  heating  coefficient  '*  which  will  combine 
the  effects  of  radiation,  conduction,  and  convection. 

Variaiion  of  iht  Heaiing  Coeffidml.^—Thi^  heating  coefficient^  although 
usually  quoted  as  a  single  figure  and  called  the  beating  constantj  is 
certainly  not  constant  even  for  the  same  machine*  It  varies  with  the 
tpeed  and  with  the  load.    In  di^erent  machines  it  will  also  vary  with 
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^^M          the  nature  of  the  surface  of  the  coil,  the  method  of  sccurmg  Uie  eotlto 
^^M          the  machine,  the  ventilating  properties  of  the  rotating  arnialTife,  and 
^^M          generally  with  the  design  of  the   rnachine.     If  all  these   condition 
^^M           remain  constant   it  will  ^till  be  found  that  the  coefficient  varies  with 
^^M           the  (inal  temperature  attained  by  the  coil. 

^^M                Since  the  greater  part  of  the  cooling  effect  h  due  to  radiation,  it  is 
^^B           not  surprising  that  field  coils  should  follow  to  some  extent  the  law  of 
^H           radiation.     In  1879,  Stefan  =<=  showed  that  radiation  was  proportional  to 
^^H           the  fourth  power  of  the  absolute  temperature,  and  this  has  since  hctn 
^^M           verified,  and  is  recognised  as  Stefan's  law.     If  radiation  only  had  to  be 
^H          considered  we  should  have— 

^H            where  ^  is  a  constant  known  its  the  **  constant  of  radiation  "  and  9,  and 
^^m           0,  are  absolute  temperatures. 
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to  7,  show  Ihc  variation  of  the  temperature  rise  with  the  watts  ab- 
orbed  for  various  types  of  coUs  and  under  varying  conditions.  In 
ast's  wlierc  it  should  prove  useful,  the  heating  coeflicient  has  also  been 
lotted. 


io<f 


obo     0-07 

FiiJ.  2.— Temperature  Rise  of  Coils  Supported  in  Air, 


OOI         O^         CM^        004       005 

WaCta  per  square   centimetre. 


Coil  ^fK  h  Covered  with  twv  [avpni  of  tape 

Coil  No.  1 1 .  Covered  wit  h  M  |ca  and  tape       , 

Cgil  No.  llf.  Hravily  [n^uUtcd  with  Mkaand  Laped 
Coll  No,  IV,  Wound  on  Shed  Jroti  former   „, 

Fof  dctnUs  of  these  Cul];*  »«  T^ble  I. 


Tolil  Surface, 
yfio  iq,  tin. 
1.075  aq  cm, 
*,530fti;  cm, 
^{Do«q,  cm. 


four  conditions  have  been  considered  ;^ 

1,  The  coil  supported  in  air. 

2~  The  coil  in  place  on  the  machine  with  the  inachitte  stationary, 

3*  Machine  running  light  at  normal  speed. 

4-  Machine  running  fully  loaded  at  normal  speed, 

_  ame  of  the  results  recorded  have  been  taken  from  the  papers 
ivioujily  mentioned.    la  each  such  case  the  points  are  plotted  in  a  dis- 
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tiactive  manner,  thus  S,  Particulars  of  these  coib,  so  far  as  therare 
available,  will  be  found  in  Table  11. »  and  also  fuU  references  to  the 
original  papers. 

A  few  addiltonal  words  of  explanation  are  necessary  in  reterence  to 
my  own  tests.  The  observations  were  made  systematically^  and  evm 
precaution  taken  to  insure  accurate  results*  The  resistances  whca 
cold  were  determined  after  the  coil  had  remained  at  a  constant  tem- 
perature for  a  considerable  period,  and  the  value  obtained  verifted 
before  proceeding  with  the  heating  tests.    Accurate  instruments  were 
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Coil  No  I.  C<jv«ted  with  t^-o  tavtr*  *>f  tape 

CoU  So.  II.  Covered  wilh  Mica  and  Urn? 

Coll  No.  lit  HfiatDir  ln»ulal«!  with  Mica ^ml  taped 

CoN  No.  IV.  Woitod  on  Sihe«t  If  an  fonDcr    ... 


960  94. 4^m. 
J,  100  fq.  cm. 


used,  and  for  eauh  coil  the  same  instruments  were  employed  for  all  the 
mcasuremcnU  upon  that  coiJ*  The  resistance  of  the  coil  at  o^  Centi- 
grade was  calculated  by  using  the  standard  temperature  coefficient  of 
0*428  per  cent,  increase  of  resistance  per  degree  Centigrade  rbe-  A)i 
temperature  rises  were  then  calculated  from  this  basis.  Each  measur^ 
ment  of  final  temperature  was  made  after  the  coil  had  been  carrying 
current  for  a  period  averaging  about  ten  hours,  thus  insuring  thit 
perfectly  steady  temperature  conditions  had  been  reached.  Foil 
particular?;  of  the  six  coils  tested  wi!l  be  found  in  Table  U  ^^ 
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photOfjraphs  in  Figs.  8  to  ti.  The  cotb  have  been  numbered  I.  to  VI., 
usinj^  Roman  figures.  In  every  instance  the  figures  for  the  watts  per 
sq.  cm,  are  based  upon  the  total  surface  of  the  coiU 

I,  Coii  sttpporft\i  in  air. — In  my  tests  the  coils  were  supported  on 
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Fig,  4,— Temperature  Rj*e  of  Coils  in  Positioit,  Machine  Statitinary. 


Coll  Ko.  IV.  Woitdd  on  Sb«t  Iron  fomicr 
Coll  No.  %*.  Wound  on  Zinc  former 
Coil  No.  VL  No  fcwnier,  very  mile  tovertng 
CoH  Mo.  VI (I.  No  former,  vtry  little  covering 


t  or  debuts  i^r  th£fie  Colk  lee  Table  L 


Total  Surface, 
a.ioo  sq.  cm. 
[,Si5  R{].  cm. 
3400  9*1.  cm, 
3,^00  ttq.  cm. 


three  points,  at  a  height  of  from  4  ins,  to  6  ins.  above  the  surface  of  a 
table.     Four  coils  were  tested  in  this  manner,  and  the  resuhs  will  be 
found  plotted  in  Figs,  i  to  3.     The  actual  observa^tions  are  shown., 
Points  obtained  from  published  data  are  also  plotted « 
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The  results  obtained  on  Coil  t.  are  given  sepaj^teJy  tn  Fig.  fjhe 
watts  dissipated  per  sq.  cm.*  the  sq>  cms,  per  watt,  and  the  heating 
coefficient  being  all  plotted  against  the  temperature  rise.  Tbc  whole 
oi  the  observations  arc  plotted  in  Figs*  2  and  3 ;  the  temperature  riie 
against  the  watts  per  sq.  cm.  in  Fig,  2,  and  the  he^iting  coeffidcnl 
against  the  temperature  rise  in  Fig,  3. 

The^e  results  show  cSearly  the  etfect  of  the  covering  of  the  coil  on 
Its  heating. 

C<3il  4  is  that  of  a  looB.H.P*  motor  tested  by  Mr.  Ra^-ner.  Thi^ 
was  covered  in  an  unusual  manner  with  three  layers  of  varnished 
cambric  and  four  thicknesses  of  boot  webbing. 

Coil  L  was  covered  only  with  varnished  tape. 

Coils  11.  and  III,  gave  almost  identical  results*  In  each  case  a  con* 
siderable-amount  of  mica  was  used,  and  this  was  covered  with  tape  and 
varnished.  Coil  IL  was  an  ordinary  field  coil,  and  Coil  III,  was  otm 
belonging  to  a  stationary  tinnatnre  of  a  high-tension  alternator.  The 
latter  was  heavily  insulated  with  mica  round  the  embedded  portion  oi 
the  coir 

Coti  IV,  was  wound  in  a  sheet-iron  former  with  the  outside 
cylindrical  surface  left  uncovered.  The  results  arc  nearly  identical 
with  those  obtained  tor  the  plain  Coil  I, 

An  interesting  fact  is  the  remarkably  small  temperature  rise  of 
Coil  I,^.  It  was  identical  with  1. 7,  except  that  it  was  wound  wittt 
d.c.c.  berrited  wire.  This  point  was  referred  to  by  Mr.  A.  F.  Berry  In 
the  discussion  on  Mr,  Rayner's  paper,-  He  stated  that  such  enamds 
would  stand  high  temperatures,  and  suggested  their  use  as  a  means  of 
reducing  the  cost  of  production.  Engineers  generally  would  welcome 
further  information  respecting  such  coils  from  those  in  a  position  10 
give  it. 

3,  Coils  in  post  lion  on  fnackint —machine  stationary^ — The  variatioo 
of  temperature  rise  with  watts  per  stj.  cm.  is  plotted  in  Fig.  4,  and  two 
typical  heating  coeflicient  curves  in  Fig.  5.  Fig.  4  gives  results  on  a 
greater  variety  of  coils  than  Fig.  2,  more  data  and  tests  being  availahk 
A  comparison  of  the  two  sets  of  curves,  however^  such  as  may  be 
obtained  at  a  glance  by  placing  a  tracing  of  Fig.  2  over  Fig.  4,  is 
instructive,  as  showing  the  effect  of  the  iron  core  upon  the  healing 
of  the  coih 

Coil  I  of  Fig.  2  and  Coil  VI.  of  Fig.  4  are  comparable,  being  con- 
structed in  much  the  same  manner.  At  a  temperature  rise  of  ^tt  Qn 
Coil  VL  shows  icF  greater  beating  than  Coil  L  This  must  be  parU) 
due  to  the  fact  that  Coil  VI.  is  considerably  larger  than  Coil  L.and 
also  to  the  general  tendency  of  coils  which  are  made  to  lit  loosely  over 
the  core  in  the  usual  manner  to  show  a  slightly  greater  temperature 
rise  when  placed  in  position. 

Also,  tests  on  Coil  IV.  are  plotted  in  both  figures,  and  the 
curves  show  that  at  50^  C.  the  coil  heats  about  3"  more  on  the  core  Ihai* 
when  supported  in  air.    This  coil  is  wound  on  a  special  fornix,  the 

•  Jmnml  ImtUuthtt  ,3>fBkdrim!  Engiat^n,  vi>l.  34,  I903.  P-  7^ 
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end  plates  of  which  project  m wards  about  \  in.,  thus  leaving  a  clear 
but  practically  unventilated  space  between  the  main  part  of  the  former 
and  the  core. 

Coils  Ly  and  6  also  show  slightly  greater  heating  when  placed 
in  position  on  the  core.  In  all  cases,  however*  this  increase  of 
temperature  rise  is  small,  and  the  results  justify  the  system  of  basing 
the  heating  coefficient  on  the  total  surface  of  coil  and  former. 

Coil  V,  shows  the  least  heating.     It  wa!>  the  smallest   cod  tested, 
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CoU  No  V.  Wound  on  ^inc  former 

Cott  51a.  VI,  No  fortm-r,  very  liulic  CQVerlag 


3.4Q0  sq.  cm. 


Kwas  wound  on  a  zinc  former  fitting  very  closely  to  the  core*  I 
»„„*k  it  iikely  that  the  method  of  making  the  former  of  metrd  and 
fitting  it  very  closely  over  the  iron  core  may  cause  the  coil  to  run  a 
little  cooler  when  placed  in  position  than  when  freely  supported  in  air. 
Unfortunately  I  was  not  able  to  test  this  coil  off  the  machine.  Coil 
VL  (without  former)  was  practically  only  in  contact  with  the  core 
3it  the  corners.  As  will  lie  seen  from  Table  I,,  the  motor  Coil  VI, 
was  wound  with  larger  wire  than  the  generator  Coil  VLa,  and  the 
results  obtained,  taken  partly  on  one  m^ichine  and  partly  on  the  other. 
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show  cxpertmentaUy  t^  Ihctr  close  agreement  that  the  beating  co- 
efficient does  not  depend  on  the  siie  of  the  wire*  The  corves  abo 
show  the  tendency  of  laxge  coU^  to  he^t  more  than  ssnall  cocs. 
Experiments  to  determine  the  variatioi]  of  heating  dae  to  this  cause, 
which  could  be  carried  out  on  a  standard  line  of  oiachiiies,  irould  be 
(^tremely  useful, 

A  comparison  l>etifceen  the  ttgures  which  I  (are  derived  from 
Mr,  Rayncfs  tests  on  Coil  Ly  ^nd  my  own  tests  on  Coil  VI »  h 
interesting.  The  coils  are  of  comparable  ski%  and  neither  of  them 
is  wound  on  formers.    The  5°  extra   heating  of  Cod  Ly  is  prohablv 
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FlO.  6.— Variation  of  Temperature  Rise  with  Speed,  Coil  A, 

Twu-pole  macblM  wlUi  armature  aboTC  magnets*  (csled  by  Mr.  IL  Brown- 
Sec  Table  I L 


due  to  the  extra  covering  and  to  the  fact  that  the  motor  which  Mr. 
Rayner  tested  was  possibly  of  a  much  more  enclosed  dei>iga  than  the 
machine  illustrated  in  Fig*  11,  to  which  Coil  VL  belonged, 

3*  Machine  runmng  light  ai  normal  speed.— ThQ  ventilation  caused 
by  the  rotating  armature  inust  vary  considerably  under  differei»t  condi- 
tiotts.  It  certainly  varies  with  the  general  design  of  the  machine  and 
with  the  peripheral  speed  of  the  armature.  It  probably  varies  also  to 
an  extent  w^hich  is  quite  appreciable  with  the  air-gap,  the  ratio  of  pole 
surface  to  pole  pitch,  and  the  design  of  tlie  armature  end  connections^ 
In  reference  to  the  latter,  the  direction  of  rotation  of  the  armature  nuy 
also  affect  the  ventilalion. 

It  seemsj  therefore,  that  the  temperature  rise  of  field  coils  when  ihc 
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machme  is  running  cannot  readily  be  predetermined,  unless  based  on 
experiments  made  on  machines  of  similar  design. 

Mr.  Rayner  made  a  number  of  tests  on  machines  rmtniug  light,  the 
coils  of  which  he  had  previously  tested  with  the  machine  stationary. 
These  comparative  results  would  he  of  value,  but  unfortunately  we 
have  no  details  of  the  construction  of  the  machines.  To  show  the 
variations  which  do  exist,  I  tiave  estimated  from  his  figures  the  ratio 
of  the  temperature  rise  of  the  coils  when  the  machine  is  running  to 
Hiat  which  occurs  when  it  h  stationary.     I  have  taken  as  a  common 
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basis  in  each  case  the  watts  per  sq.  em.  which  give  a  rise  of  50*  C.  when 
the  machine  Is  running. 


Coil  I. 
u    6. 


26J-k,w.  shunt  motor,  850  r.p.m.  ss  o'8o 

75-k.w.      ,,         .,         305/550     „     =0^55 

aoo-k.w,      ,,     dynamo,        350      ,,     =?cr75 


^Mr.  E,  Brown*s  tests  on  a  small  2-pole  horseshoe- magnet  type 
machine  (a  few  particulars  of  which  are  given  in  Table  11, ),  show  to 
some  extent  the  variation  of  coil  heating  with  speed.  From  his 
temperature-grade  curves  I  have  estimated  the  mean  temperature  rise 
of  the  coil,  and  have  plotted  these  figures  against  the  peripheral  speed 
of  the  armature,  as  shown  in  Fig,  6,  These  curves  show  the  kind  of 
variation  which  may  be  expected  in  similar  machines. 
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The  two  semi -enclosed  io-H,P.  motors  to  which  Coil  IV.  belongs 
show  very  little  advantage  due  to  the  rerolving  armature  (see  FiU*  7)1 

This  h  probably  due  to  the  cuctosed  design,  and  to  the  proximity  of 
the  com  mutating  poks  with  w*hich  these  machines  arc  provided.  In 
connection  with  ttie  tests  on  these  two  machines  it  was  noticed  that, 
when  running,  the  coils  on  one  machine  heated  appreciably  more  than 
those  on  the  other,  The  machines  are  of  exactly  similar  desiga  *nd 
are  mounted  in  line  on  a  common  foundation  (see  Fig.  9).  A  dutch 
h  provided  for  coupling  them  together,  half  of  which  is  keyed  to  each 
motor  spindle.  The  commutator  end  is  thus  in  each  case  outside. 
The  machines  are  wired  so  that  they  run  in  the  same  direction.  The 
armatures  consequently  revolve  in  opposite  directions  with  respect  to 
the  slope  of  the  free  portions  of  the  armature  winding,  and  it  is  nohcc- 
able  that  the  machine  (motor  a)  running  against  this  slope  worb 
appreciably  cooler  than  the  other  (motor  b).  The  pressure  of  the  air 
entering  and  leaving  the  machine  was  measured  by  means  of  a  sensi- 
tive pressure  gauge,  and  was  found  to  be  appreciably  greater  in  the  C3*< 
of  machine  a  than  with  machine  b. 

4.  Machine  runuittg  funy  ioadi'd. — The  heating  of  field  coils  wbea 
the  machine  is  fully  loaded  depends  to  a  large  isxtent  on  the  tcm* 
perature  rise  of  the  armature,  and  also  upon  the  efficiency  of  the  ventili- 
tion  under  full -load  conditions.  The  figures  for  the  heating  coeffici<?ot 
consequently  vary  considerably. 

TABLE   III. 

Heating    Coefficients   of    MaCxSET  Coils   of  Fully    Loaded 
Machines  for  a  Final  Temperature  Rise  of  5o*^C- 
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Fig.  6  shows  th^  increase  of  healing  due  to  full  load  in  the  case  of 
the  machine  tested  by  Mr.  Brown  to  be  about  15  per  cent,  at  normal 
speed. 

Fig.  7  shows  the  heating  with  various  armature  currents  of  the  field 
coils  of  the  lo-B.H.P.  semi-enclosed  motors  illustrated  in  Fig.  9.  The 
rapid  increase  with  overload  is  probably  due  in  a  large  measure  to  the 
close  proximity  of  the  series-wound  commutating  poles. 

In  Table  III.  will  be  found  the  values  of  the  heating  coefficient  for 
fully  loaded  machines  of  which  data  are  available.  In  each  instance 
the  total  surface  is  taken  into  account,  and  the  figure  is  quoted  for 
a  final  temperature  rise  of  50°  C.  The  figures  for  the  sq.  cms.  per 
watt  and  the  watts  per  sq.  cm.  are  also  given. 

The  variation  in  these  figures,  and  the  consideration  of  the  numerous 
and  uncertain  conditions  introduced  by  the  rotating  armature,  show 
that  it  is  not  possible  at  present  to  fix  any  very  definite  figures  for  the 
heating  coefficient  of  fully  loaded  machines. 

Conclusion. — The  tests  and  figures  here  recorded  confirm  the  fol- 
lowing points  which  have  already  been  pointed  out  in  connection  with 
the  heating  of  magnet  coils  :— 

{a)  The  maximum  temperature  rise  of  a  magnet  coil  seldom  exceeds 
1*2  times  its  mean  temperature. 

(6)  The  effect  of  the  covering  of  the  coil  on  its  temperature  rise  is 
very  marked.  Such  coverings  should  be  reduced  to  a  mini- 
mum, as  also  should  the  insulation  thickness  to  core  or 
former. 

(c)  A  large  coil  heats  slightly  more  than  a  smaller  one  for  the  same 

watts  per  sq.  cm. 

(d)  Berrited  wire  produces  a  considerable  reduction  in  the  tem- 

perature rise. 

I  have  also  come  to  the  following  additional  conclusions  : — 

(e)  The  heat  removing  property  of  the  iron  core  differs  very  little 

from  that  of  the  surface  of  the  coil  exposed  to  air,  and  conse- 
quently it  is  best  to  consider  the  whole  surface  of  the  coil  and 
former  when  dealing  with  the  heating  coefficient 

(/)  The  heating  coefficient  drops  considerably  with  increase  of  the 
final  temperature  rise. 

{g}  From  the  point  of  view  of  cooling,  a  slight  advantage  is  obtained 
with  a  coil  wound  on  a  metal  former. 

(/»)  A  great  deal  may  be  done  to  secure  cool  running  by  cultivating 
a  draught  by  means  of  the  armature  end  connections,  and  by 
running  the  machine  in  the  direction  giving  the  maximum 
fan  action. 

Taking  into  account  the  whole  of  the  data  here  given,  I  would 
suggest  the  following  approximate  values  of  the  heating  coefficient  for 
ft  Scf  C.  rise,  based  upop  th^  whole  surface  of  the  coil :— 
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TABLE   IV. 


I.  Supported  in  Air. 

Medium  size  plain  coils  taped     

„    mica  and  tape 

„  „        „        „    heavily  covered 

.,          „    coil,  wound  in  metal  former  un- 
covered    

„  „    berrited  d.cc.  wire 

2.  In  Place  on  Machine. 

Medium  size  plain  coil     

„          „     wound  in  metal  formers  which 
slip  loosely  over  core 

3.  Machine  Fully  Loaded. 

Small  2-pole  machines,  armature  above  magnets 

Moderate  size  protected  motors 

„  „    semi-enclosed  motors      

„  „  „  „       with    com- 

mutating  poles 

Open  type  machines,  50  k.w 

500  k.w 


Ch 


Sq.  cms. 


Watts 
Sq-Cm. 


1 


I 

1,500         300 
1,650         330 

1,750 to  I  350  to 

2,250     450 


1,500 
1,150 


1,750 
1,550 


1,000 
2,000 
2,500 

3,000 

1^250 

i»5oo 


I  300 
1230 


310 


200 
400 
500 

6o*o 
25-0 
300 


i  0-033 
I  3-030 

I  0*029  to 
0*022 

0033 

0*043 


350     .  0029 


0*032 


0050 
0025 
0*020 

0*017 

0*04 

0*033 


The  heating  coefiicient  is  undoubtedly  a  very  important  figure,  and 
I  trust  the  few  points  brought  forward,  more  particularly  the  variation 
of  the  coefficient  with  different  t)rpes  of  coils,  and  with  the  actual 
temperature  rise,  will  prove  useful. 


Discussion. 

Mr.  ua.  Mr.  Henry  Lea  :  I  think  that  Mr.  Lister's  method  of  ascertaining  the 

mean  temperature  of  the  coil  by  means  of  its  resistance  is  a  satisfactory 
way,  but  in  order  to  compare  the  mean  with  the  maximum  the  latter  tem- 
perature must  also  be  obtained.  In  carrying  out  such  measurements  a 
potentiometric  method  of  determining  the  voltage  would  obviate  the 
liability  to  error  referred  to.  I  should  like  to  give  a  few  figures  relating 
to  the  radiating  properties  of  iron  pipes,  a  subject  closely  connected  with 
that  of  the  paper.  I  found  that  a  square  foot  of  hot  iron  will  dissipate 
2*14  thermal  units  per  hour  per  1°  F.  difference  of  temperature.  Taking 
70°  F.  (39°  C.)  as  the  temperature  rise,  which  is  the  figure  I  always 
specify,  it  can  be  shown  that  20*9  sq.  cms.  of  such  surface  will  be 
required  to  dissipate  i  watt  per  minute,  and  that  the  corresponding 
heating  coefficient  is  20*9x39  =  815,  The  difference  between  this 
coefficient  and  those  given  in  the  paper  would  be  accounted  for  by  the 
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iron  pipe  being  bare  and  the  wire  coil  covered  with  non-conductor.  Mr.  Lea. 
I  should  like  to  understand  the  difference  between  the  values  of 
the  heating  coefficient  given  for  the  small  2-pole  shunt  motor  in 
Table  III.  (1,025)  ^"^  ^^at  in  Table  IV.  for  medium  coils  wound  on 
metal  formers  and  in  place  on  machine  (1,550).  Also  I  do-not  know 
why  the  author  has  adopted  so  high  a  temperature  rise  as  50°  C.  (90*  F.). 
Machines  should  not  get  so  hot  as  that  at  full  load.  It  leaves  no  margin 
for  overload. 

Mr.  A.  M.  Taylor  :  I  gather  that  the  author  suggests  that  the  Mr.  Taylor, 
measurement  of  the  temperature  rise  of  field  coils  by  means  of 
increase  of  resistance  should  be  considered  the  standard  method. 
He  has  referred  to  the  fact  that  it  is  now  the  recognised  method  in 
Germany.  This  being  the  case,  I  think  it  probable  that  it  will  soon  be 
adopted  here.  The  manner  in  which  the  curves  in  Fig.  3  fall  as  the 
temperature  increases  is  interesting.  This  may  be  due  to  conduction 
effects,  which  would  tend  to  increase  with  the  increase  of  temperature. 
The  author  has  considered  the  question  of  temperature  rise  rather  from 
the  point  of  view  of  the  field  coil  of  a  commercial  motor,  but  it  might 
also  be  considered  with  regard  to  the  stationary  coils  of  large 
alternators.  I  have  been  much  interested  in  this  question  lately 
particularly  as  to  how  the  temperature  rises  when  the  peak  load 
comes  on,  the  generator  having  been  running  under  normal  full  load 
conditions  for  some  hours  previously.  Designers  may,  not  improbably, 
soon  have  to  meet  a  demand  for  a  generator  to  give  100  per  cent,  over- 
load during  the  short  period  of  peak  load. 

Mr.  R.  Orsettich  :  I  regret  that  the  author  has  found  it  impossible 
to  obtain  more  exact  information  as  to  the  behaviour  of  coils  when  the 
machines  are  running  either  light  or  fully  loaded,  as  these  are  the 
important  conditions  from  the  point  of  view  of  the  manufacturer.  I 
believe  this  to  be  the  first  paper  in  which  prominence  has  been  given 
to  the  important  question  of  the  effect  of  ventilation.  A  proper  con- 
sideration of  this  detail  should  enable  the  designer  to  save  a  consider- 
able amount  of  copper  in  the  case  of  high-speed  machines.  Machines 
by  different  makers  of  course  give  different  results.  At  the  same  time 
the  subject  is  well  worth  investigation.  I  do  not  use  the  heating 
coefficient  in  the  way  shown  by  the  author,  but  work  with  the  outside 
surface  only.  By  obtaining  the  coefficient  for  each  type  of  machine 
and  plotting  against  speed,  the  ventilation  of  the  machine  is  taken  into 
account. 

Mr.  L.  Murphy  :  In  the  early  part  of  his  paper  the  author  states 
that  he  only  finds  a  slight  difference  between  the  temperature  rise  of  a  ^'"^p**^- 
coil  when  suspended  in  air  and  when  placed  on  the  iron  core.  In  some 
experiments  which  I  carried  out  on  this  point  I  found  that  the  effect  of 
the  core  on  the  final  temperature  was,  as  he  states,  slight ;  in  fact,  it  was 
found  that  the  coil  might  heat  more  or  less  when  on  the  core  than  off, 
according  to  the  shape  of  coil  used. 

If,  however,  the  temperature  rise  of  the  coil  be  considered  with 
regard  to  time,  it  will  be  found  that  there  is  a  marked  difference,  and 
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that  on  the  core  the  coil  will  heat  more  slowly  than  when  suspended, 
owing  undoubtedly  to  the  heat  being  absorbed  into  the  mass  of  the 
pole  core. 

In  the  case  of  heavily  loaded  coils  a  difference  of  30  per  cent  in 
the  temperature  rise  may  be  obtained,  due  to  this  cause,  during,  say,  a 
twenty  minutes'  run.  The  point  is  of  importance  in  connection  with 
series  motors  working  under  intermittent  loads,  such  as  tramcar  and 
crane  motors.  In  such  machines  it  is  desired  that  the  final  temperature 
shall  not  exceed  a  specified  amount  under  var3ring  conditions  of  load. 
In  order  to  attain  this  end,  it  is  advisable  to  wind  the  field  coils  as 
close  as  possible  to  the  iron  core,  and  to  avoid  the  use  of  any  isolit, 
wood,  or  other  formers  which  will  act  as  heat  insulators  between  the 
coils  and  the  core. 

The  author  does  not  state  the  colour  of  the  coils  used  in  his  experi- 
ments ;  I  think  he  will  find  a  considerable  difference  between  a  black 
coil  and  a  varnished  one. 

The  number  of  variables  which  he  has  to  consider  in  order  to 
obtain  a  heating  coefficient  for  any  type  of  machine  is  enormous, 
and  in  practice  I  find  that  for  totally  enclosed  machines  some 
approximate  figure  may  be  found  experimentally  for  each  size  of 
machine  which  represents  its  maximum  allowable  watt  loss  for  any 
condition  of  winding  and  speed,  that  for  open-type  generators  Esson's 
constant  usually  gives  correct  results,  and  for  semi-enclosed  machines 
an  intermediate  factor  must  be  chosen,  which  depends  on  the  degree 
of  ventilation  afforded,  and  can  be  generally  predetermined  from 
experience  with  fair  accuracy. 

Mr.  C.  F.  Smith  :  I  think  that  the  author  of  this  paper  has  treated 
his  subject  from  a  point  of  view  which  is  much  to  be  commended, 
inasmuch  as  his  purpose  has  not  been  to  make  a  series  of  experiments  of 
his  own,  and  to  found  a  practical  rule  on  these  without  reference  to  the 
work  of  other  experimenters.  The  constant  comparison  of  his  results 
with  those  of  Messrs.  E.  Brown,  E.  H.  Rayner,  and  others,  and  the 
plotting  of  their  results  side  by  side  with  his  own,  is  a  specially  valuable 
feature  of  the  paper. 

With  regard  to  the  cooling  effect  of  the  surface  of  the  coil  which 
is  next  to  the  iron,  it  would  seem  that  a  good  deal  of  uncertainty  still 
exists  as  to  the  relation  between  the  effectiveness  of  the  conducting 
power  of  the  iron  and  the  radiating  power  of  the  surfaces  exposed  to 
air.  Probably  it  jvould  be  found  that  the  general  dimensions  of  the 
magnetic  circuit  would  have  considerable  influence  on  the  heat- 
conducting  power  of  the  pole,  since  they  would  determine  the  rate  at 
which  the  pole  could  get  rid  of  heat  given  to  it  by  the  winding,  as  well 
as  by  the  armature,  etc. 

One  would  naturally  expect  that  the  effect  of  a  metal  former  would 
be  materially  to  aid  the  conduction  of  heat  from  the  magnet- winding 
to  the  cooler  pole  on  ^hich  the  former  is  mounted.  From  actual 
measurements  it  would  appear,  however,  as  if  the  metal  former  was  far 
more  effective  in  promoting  the  cooling  of  the  coil  when  so  arranged  as 
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to  leave  an  air-space  between  itself  and  the  pole.    The  ventilation    Mr.  Smith, 
thereby  produced  appears  to  be  far  more  effective  as  a  cooling  agent 
than  the  increased  heat-conductivity  due  to  metal-to-metal  contact 
between  the  former  and  the  pole. 

One  difficulty  in  deciding  absolutely  on  a  heating  coefficient  which 
can  be  applied  to  coils  of  all  forms  is  the  variation  in  the  ratio  maximum 
temperature :  mean  temperature.  In  Mr.  Rayner's  values  there  is  an 
extreme  variation  of  about  lo  per  cent,  in  this  ratio.  As  pointed  out  by 
Mr.  Goldschmidt  in  the  discussion  following  his  paper  there  is  a 
practically  constant  relation  between  the  differences  (mean  — *  external) 
temperature  and  (maximum  —  external)  temperature. 

Thus  the  difference  between  maximum  and  outside  temperature  is 
practically  50  per  cent,  higher  than  the  difference  between  mean  and 
outside  temperature.  By  measurement  of  the  mean  and  external 
temperatures  it  is  thus  possible  to  estimate  closely  what  the  maximum 
temperature  inside  the  coil  is.  From  this  point  of  view  it  might  be  well 
if  engineers  would  record  both  mean  and  external  temperature  rises 
when  testing  their  machines. 

Dr.  R.  T.  Glazebrook  (communicated) ;  The  general  result  of  the   ^. 
author's  interesting  paper  seems  to  be  that,  as  he  points  out  on  page  402, 
there  is  no  such  constant  as  the  heating  coefficient  as  he  defines  it,  and 
it  appears  to  me  that  this  is  what  might  be  expected. 

The  simplest  assumption  which  can  be  made  for  the  amount  of  heat 
lost  by  radiation  from  a  surface  element  S  which  is  at  a  temperature 
^  above  its  surroundings  is  that  the  loss  per  second  is  A./.S.,  where 
h  is  the  radiation  constant,  or  exterior  conductivity. 

Experiment  shows  that  this  law  of  Newton's  holds  reasonably  for 
moderate  differences  of  temperature.  The  constant  h  depends  on  the 
nature  of  the  surface,  and  there  is  no  evidence  to  show  that  it  should 
be  the  same  both  for  the  exposed  portion  of  a  coil  and  that  in  contact 
with  the  core  ;  in  fact,  the  reverse  is  probably  the  case.  Assume,  how- 
ever, that  A  is  a  constant  over  the  whole  surface.  Then  the  total  loss 
per  second  ss/h.Lds  =  A  S/,  when  /,  is  the  mean  excess  of  temperature 
over  the  surroundings  of  the  surface  layers  not  of  the  whole  coil. 

If  the  temperature  is  steady,  then  the  total  loss  must  be  equal  to  the 
watts  expended  ;  thus  we  have — 


Glazebrook. 


Watts  s 


^*^''°'J=w^''=^^'^' 


using  the  author's  notation. 

Thus  i/h  corresponds  to  his  Ca,  the  heating  constant,  but  the  tem- 
perature in  the  equation  is  not  the  mean  temperature  of  the  coil,  which 
is  measured  by  the  change  in  resistance,  but  the  mean  temperature  of 
the  surface  of  the  coil,  which  is  quite  different.  Of  course,  if  there 
were  a  constant  ratio  between  these  two  mean  temperatures,  then  the 
law  given  in  the  paper  would  follow,  but  I  think  Mr.  Rayner's  cur\'es 
show  that  there  is  no  such  constant  ratio. 

Ag^n,  I  feel  sure  it  is  a  mistake  to  assume  that  the  coefficient  is  the 
Vol.  88.  27 
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Dr. 
Glazebrook. 


same  for  all  the  surfaces  of  the  coiL  Mr.  Goid^hmidt  called  atteatioa 
to  the  fact  that  Mr.  Ra3mer's  curves  of  temperature  distribudon  are 
parabolas.  If  the  loss  is  the  same  outside  and  inside,  then  the  vertices 
of  these  parabolas  would  be  midway  between  the  oater  arid  inner 
surfaces,  and  this  is  not  found  to  be  the  case. 

In  the  discussion  on  Mr.  Rayner's  paper  (journal,  vol.  34,  p.  711),  I 
examined  his  results  and  showed  how  values  for  both  the  interior  con- 
ductivity k  and  the  exterior  conductivities,  or  radiation  constants,  k,  K 
of  the  coils,  may  be  found — hi  relates  to  the  outer  surface,  h»  to  that  in 
contact  with  the  core.  The  two  quantities  differ  notably,  h^  being  of 
the  order  of  \  h„  so  that  it  is  impossible  to  determine  the  mean  rise  of 
temperature  from  a  knowledge  of  the  surface  and  the  watts  by  means 
of  a  single  coefficient. 

Of  course,  this  turns  on  Newton's  law  of  cooling.  If  we  had 
assumed  Stefan's  more  complete  law  the  results  would  be  still  more 
complex,  but  they  would  be  of  the  same,  nature,  and  it  appears  to  me 
that  any  generalisation  as  to  a  figure  to  be  adopted  for  all  coils  of  a 
certain  size  is  hardly  justified. 

As  I  have  already  said,  the  ijh  of  my  formula  is  the  S^,  or  heating 
constant,  defined,  however,  with  reference  to  the  mean  rise  of  surface 
temperature;  but  in  comparing  the  actual  numbers  it  most  be 
remembered  that  my  h  relates  to  a  square  inch,  while  Mr.  Lister's  S, 
refers  to  a  square  centimetre.  Hence,  taking  6*45  sq.  cm.  to  the  square 
inch,  we  have  0=6*45/^,  and  from  this  we  get  the  following  table, 
the  values  of  h^,  A.  being  taken  from  my  table  on  page  718,  vol.  34  : — 


Coll. 


hv 


c,. 


In  this  experiment  the  coil  was  stationary*. 


C.. 


I 

001 10 

00059 

585 

1,090 

2 

0*0138 

0-0060 

465 

i»o75 

5 

00138 

0*0091 

465 

710 

6 

0*0350 

00067 

185 

965 

6* 

00102 

0*0063 

630 

1,020 

8 

0*0084 

0*0031 

770 

2,080 

The  variations  in  the  value  of  C  are  very  great.  In  the  case  of 
coil  6,^he  fanning  action  when  the  machine  was  running  was  extreme ; 
thus  ht  is  very  large,  C,  very  small.  In  any  case  the  mean  surface  rise 
of  temperature  is  to  be  found  by  dividing  C  by  the  surface  through 
which  the  heat  is  being  radiated,  and  multiplying  the  quotient  by  the 
watts  transmitted  through  that  surface. 

The  figures  seem  to  me  sufficient  to  show  that  no  such  thing  as  a 
"  heating  coefficient "  can  be  found  which  is  applicable  to  all  coils  of 
the  same  size.  What  can  be  done  possibly  is  to  obtain  by  careful 
experiment  the  values  of  k,  A,,  and  /f,  for  coils  similar  in  design  and 
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material    to    those   wlilch   are   to  be  used,  and  to  bB.s^   calculations   Vr* 
applicable  only  io  such  similar  coils  on  thetie  figures.  ***  '^ 

Dr.  Alfred  Hay  {communicated} :   Tbe  author's  interesting  and  i>r  Hay. 
.  valuable  contribution  to  our  knowledge  of   the  temperature  rise  in 
I  magnet  coils  once  more  emphasises  the  extreme  complexity  of  the 
problem  and  the  insufficiency  of  the  data  on  which  to  base  a  reliable 
predetermination  of  the  probable  temperature  rise. 

The  relative  importance  of  the  parts  played  by  radiationj  con- 
vection, and  conduction,  still  seems  to  be  otiscure,  but  from  the 
author  s  experiments  on  the  cooling  of  a  coil  when  supported  freely 
in  air  and  when  placed  around  its  core^  it  would  appear  that  conduc- 
tion and  convection  are  quite  as  effective  in  producing  caohng  as 
^  radiation. 

Again,  the  marked  influence  of  good  ventilation  points  to  the  fact 
that  convection  is  an  extremely  important  factor.  No  experiments  of  a 
systematic  kind  appear  to  have  been  undertaken  for  the  purpose  of 
ascertaining  the  relative  iniportance  of  radiation,  conduction,  and 
convection. 

In  tlie  case  of  a  coil  freely  exposed  to  the  air  over  its  entire  surface 
(in  which  case  the  conduction  effect  is  ncghgiblej,  the  radiation  elJfect 
eould  to  some  extent  be  differentiated  from  the  convection  effect  by 
experiments  of  the  following  nature  i  Let  the  temperature  rise  of  the 
baxne  coi!  be  determined  when  its  surface  is  coated  with  various 
materials — say  lampblack^  white  paint,  and  a  very  thin  and  highly 
polished  shield  of  sheet- metaL  The  variations  in  the  temperature 
rise  would  then  be  accounted  for  by  cbanges  in  the  rale  of  radiation 
dne  to  the  varying  nature  of  the  radiating  surface.  In  a  similar 
ttjaruier,  by  using  a  coil  of  the  same  material  in  each  case^  but  varying 
the  actual  coohng  area  by  liaving  the  coil  wound,  first,  evenly  in  layers, 
and  tlicn  in  sections  of  varying  depths  so  as  to  produce  channels  or 
corrugations  in  the  external  surface,  the  cbanges  in  the  temperature 
rise  corresponding  to  the  various  arrangements  of  the  external  surface 
of  the  coil  would  be  due  to  changes  in  the  amtrcfion  factor  since  the 
effective  radiaitng  surface  is  not  affected  by  the  corrugations, 

Mr*  H.  Mp  Ho  BART  (commimkattd) :  I  wish  to  call  attention  to  the  Wr.  B< 
range  of  figures  quoted  on  the  first  page  of  the  paper,  The  range  of 
355  t^  ii5oo  for  the  temperature  rise  in  degrees  Centigrade  per  watt 
per  square  centimetre  is  at  &rsl  sight  misleading,  and  there  is  really 
more  uniformity  in  the  value  of  the  **  licating  coefficient "  than  appears 
at  first  sight. 

The  figure  1,506  quoted  by  Goldschmidt  is  reckoned  on  the  whole 
Surface  of  the  coil  taken  as  cooling  surface  and  on  the  rise  as  deter- 
mined by  resistance  measurement.  Reckoning  this  figure  on  the 
r^Urnal  cylindrical  surface  of  the  coil  would  reduce  its  value  by  about 
^  per  cent*,  which  gives  1*51x1  (i  — 06)^600. 

The  rise  by  resistance  measurement  may  be  taken  as  165  times  the 
tbermometrically  determined  temperature  rise  at  the  outer  surface  of 
tlic  coil,    and   thus  the  value    ^k)o    should    be    further    reduced    to 
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-^  s=  364**  C.  per  watt  per  square  centimetre  of  external  cylindrical 

surface  of  the  coil,  thermometrically  measured.    This  value  is  in  good 

agreement  with  the  value  355  given  by  Esson,  and  is  also,  with  due 

regard  to  the  numerous  factors  which  influences  the  heating,  in  fair 

agreement  with  Neu  Levine  and  Havill's*  value  of  720  by  resistance 

720 
measurement,  which  reduces  to  ^^  =  435. 

In  the  year  1898  Mr.  R.  C.  Clinker,  at  my  request,  made  quite  a 
large  number  of  tests  concerning  the  thermal  occurrences  in  field 
coils.  Although  these  were  quite  comprehensive,  and  were  pub- 
lished in  Electric  Generators  and  in  Electric  Machine  Design,  pp.  97-105, 
their  existence  does  not  seem  to  be  known.  I  allude  to  these  tests,  as 
they  throw  interesting  light  on  a  number  of  questions  discussed  in 
Mr.  Lister's  paper. 

In  the  accompan3ring  figure  I  have  arranged  a  few  of  the  results  of 
Mr.  Clinker's  tests  in  a  form  which  brings  out  the  bearing  of  the  peri- 
pheral speed  of  the  armature  upon  the  temperature  rise  of  the  tiekl 
coil,  and  also  shows  the  way  in  which  the  temperature  rise  varied  at 
different  parts  of  the  coiL  We  see  from  this  figure  that  when  the 
armature  was  at  rest  the  layer  next  to  the  magnet  core  and  the  out^de 
layer  had  practically  the  same  temperature,  but  that  when  the  armature 
was  running  at  a  peripheral  speed  of  10  metres  per  second  the  outer 
layer  had  a  much  lower  temperature  than  the  layer  next  the  magnet 
core.  It  is  very  important  to  avoid  taking  the  result  of  tests  on  a  single 
coil  as  guidance  for  other  cases.  According  as  a  coil  is  completely 
bound  up  in  insulating  materials  on  the  one  hand,  or  left  exposed  to 
the  air  on  all  sides  on  the  other  hand,  the  temperature  rise  and  the 
temperature  distribution  become  greatly  modified.  In  a  general  ^-ay, 
however,  it  will  be  seen  that  Rayner's  f  later  tests,  in  which  he  obtained 
a  ratio  of  maximum  to  mean  temperature  as  determined  by  resistance 
measurements  of  about  1*15,  confirm  fairly  well  the  results  of  Clinker's 
1898  tests. 

Another  very  exhaustive  series  of  tests  to  which  but  scant  allu- 
sion has  ever  been  made  is  that  carried  out  by  Dettmar  J  in  1900 
on  the  effect  of  temperature  on  the  cotton  coverings  of  copper  wires. 
These  tests  showed  that  in  the  course  of  time  a  temperature  of  less 
than  100**  C.  caused  decided  deterioration  of  the  cotton  coverings. 
The  more  recent  tests  of  the  National  Physical  Laboratory  on  large 
numbers  of  insulating  materials  showed  that  in  the  case  of  all  these 
materials  deterioration  set  in  at  a  temperature  of  not  over  125**  C,  and 
in  most  of  these  materials  the  temperature  at  which  deterioration 
occurred  was  considerably  below  125°  C.  With  a  knowledge  of  these 
results  it  is  certainly  undesirable  that  the  highest  temperature  existing 
in  any  part  of  a  coil  wound  with  cotton-covered  wires  should  be  sub- 

•  Electrical  World,  vol.  38,  1501,  p.  56. 

t  ^ouffuil,  vol.  34,  pp  613-659. 

I  EUktroUchn,  Zeitschr,,  vol.  21,  August,  1900,  p.  727. 
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jected  to  temperatures  of  much  over  ioo°  C.  Suppose  we  set  this  ^^  Hobart. 
maximum  temperature  at  los""  C.  If  the  hottest  part  of  the  coil  is  at  a 
temperature  of  105°  C,  the  mean  temperature,  as  determined  by  resis- 
tance measurements,  will  be  about  90^"  C.  In  a  case  where  the  tem- 
perature of  the  surrounding  air  is  the  very  frequently  occurring  value 
of  30°  C,  it  is  evident  that  the  temperature  rise,  as  determined  by 


Thermal  Tests  of  Held   Spool   shown  in  Fig, 
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resistance  measurements,  should  not  be  more  than  60°  C.  Mr.  Clinker's 
tests,  and  also  the  subsequent  tests  made  by  the  National  Physical 
Laboratory,  show  that  in  many  cases  the  temperature  rise,  as  deter- 
mined by  resistance  measurements,  often  exceeds  by  more  than  60  per 
cent,  the  temperature  rise  as  determined  by  thermometric  measure- 
ments. Thus  the  thermometrically  determined  temperature  rise  should 
not  be  permitted  to  exceed  37^°  C,  and  it  is  evidently  not  advisable  to 
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Mr  Hc*»rt.    rnisc  the  present  customary  permissible  temperature  rise  cjf  45*  C, 
but  rather  to  reduce  this. 

Allusion  is  made  in  the  paper  to  a  coil  in  which  the  cotton  covcriwit* 
of  the  wires  were  impregnated  with  a  certain  material  which  resulted 
in  a  decreased  temperature  rise,  I  am  of  opinion  that  the  first  eam«»t 
attempt  to  develop  and  properly  apply  such  materials  was  made  by 
Mr.  H,  W»  Turner,  about  the  vear  1901.  At  any  rate  it  was  at  abouT 
that  time  that  I  learned  from  him  of  the  excellent  results  which  he  was 
obtatning  in  his%vork  along  these  lines.  It  has  been  difficult  to  demon* 
strate  the  effectiveness  of  such  a  material  as  regards  decreasing  the 
temperature  rise,  owing  to  the  fact  that  it  tends  to  make  all  part* 
of  the  coil  assume  a  more  nearly  uniform  temperature,  t,f.,  when  such 
a  material  is  used,  the  mean  temperature  as  determined  by  resistance 
measurement  exceeds  by  a  smaller  amount  the  temperature  as  deter* 
mined  by  thermometric  measurements  than  would  otherwise  be  the 
case.  In  coils  in  which  such  materials  are  employed,  a  thernio- 
metricallj^  determined  temperature  rise  of  40°  C,  w^onJd  cor  respond  to 
a  lower  internal  temperature  as  determined  by  resistance  mi'asiire- 
ments  than  in  a  coil  in  which  such  materials  are  not  used,  but  the 
thermomctricaUy  determined  temperature  rise  ot  the  surface  of  the 
coil  would  be  but  slightly  decreased. 

For  these  and  other  reasons  I  am  strongly  in  favour  of  the  intro- 
duction of  the  general  practice  of  determining  the  temperature  fm 
by  resistance  measurements  instead  of  tw  thermometer.  Were  this 
practice  general,  a  temperature  rise  of  50°  C.  above  sorronnding  air 
would  be  thoroughly  conservative,  but  so  long  as  the  temperatures  art 
determined  by  thermometric  measurements,  a  **  nominal  '*  tempcrattjrc 
rise  of  from  40''  to  45^  C\  above  surrounding  air  is  already  rather  higher 
than  it  is  desirable  to  permit.  The  trouble  is  that  no  individual  engineer 
can  introduce  such  a  comparatively  new  practice  as  that  of  invariablv 
expressing  the  temperature  rise  of  field  coils  in  terms  of  the  results d^ 
resistance  measurements.  Should  any  designing  engineer  at  temp  I  io 
do  this,  he  would  bring  upon  himself  the  charge  of  employing  higher 
temperatures  than  other  designers  who  quoted  their  temperatures  on 
the  basis  of  a  t  her  mo  metrically  determined  temperature  rise,  whcrcis 
the  former  designer  would  actually  be  working  to  lower  temperatures 
than  the  latter  designer. 

This  is  only  one  instance  among  many  others  which  render  it  highly 
desirable  that  the  issuing  of  standardisation  rules  for  temperature  ri>e 
should  not  continue  to  be  delayed.  Such  rules  should  be  promptly 
framed  and  in  accordance  with  the  best  present  practice  ;  they  mar 
be  readily  revised  from  year  to  year  in  accordance  with  the  constautly 
accumulating  available  experience. 

It  is  very  difficuit  to  generalise  as  to  values  for  the  degrees  Centi- 
grade temperature  rise  per  watt  per  square  centimetre  of  radialin| 
surface^  even  in  cases  where  it  is  definitely  stated  that  the  temperatiirt 
rise  is  determined  by  resistance  measurements^  and  that  the  surface  i^ 
the  external  cvhudrical   surface  of   the  coih    There   still   rcmam*  a 
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number  of  consideratians  making  it  very  difficult  to  frame  any  general  Mr.  Hobart 
conclusions*  Thus,  for  example,  the  eflFectiveness  of  ventilating  ducts 
in  armatures  has  gradually  come  to  be  admitted  on  all  hands.  This  has 
been  followed  by  the  gradual  introduction  of  a  ventilating  space 
between  the  magnet  core  and  the  field  coil.  Still  better  results  are 
obtained  by  additional  ventilating  ducts  through  the  midst  of  the  field 
coil.  I  myself  prefer  to  tabulate  values  of  the  temperature  rise  per 
watt  per  square  centimetre  of  external  surface  of  the  coil  for  each  of 
these  alternative  arrangements  and  for  various  peripheral  speeds  of 
the  armature  for  each  arrangement.  Even  then,  however,  one  must 
remember  that  the  influence  exerted  by  the  rotating  armature  on  the 
temperature  of  the  field  coil  depends  very  greatly  upon  the  means 
adopted  to  ventilate  the  armature,  and  upon  the  consequent  amount 
and  temperature  of  the  air  passing  from  the  armature  to  the  field. 
The  use  of  interpoles  is  decidedly  disadvantageous  from  the  thermal 
standpoint,  for  they  obstruct  the  emission  of  heat  from  the  field  coils, 
and  introduce  an  additional  considerable  loss  through  the  heat 
generated  in  their  own  windings.  Thus,  each  of  the  constants  indi- 
cated above  must  be  modified  according  to  whether  the  design  does  or 
does  not  employ  interpoles,  and  also  according  to  the  size  of  these  inter- 
poles. In  general,  the  cooling  will  be  more  effective  the  greater  the 
polar  pitch  at  the  air-gap,  but  there  are  also,  of  course,  a  great  many 
other  factors  influencing  the  result.  In  the  design  of  field  coils  for 
rotors,  the  rise  of  temperature  in  degrees  Centigrade  per  watt  per 
square  centimetre  of  coil  surface  may  be  much  greater  than  for 
stationary  coils.  Here  again,  however,  it  is  equally  impossible  to 
generalise. 

Mr.  E.  H.  Rayner  {communicated) :  When  attempting  to  find  some  Mr. 
basis  which  would  indicate  the  efficiency  with  which  the  field  coils  of  '^y"**- 
very  different  patterns  would  radiate  heat,  it  seemed  to  me  that  the 
temperature  which  would  be  attained  if  unit  quantity  of  energy  were 
dissipated  from  unit  area  of  the  coil  per  second  was  the  best  indica- 
tion of  this  useful  quality.  For  various  reasons  also  I  took  the  external 
area  plus  the  flanges  as  being  the  radiating  area.  However,  I  think, 
with  the  author,  the  total  area,  including  the  surface  next  to  the  core, 
might  well  be  included.  One  reason  that  I  neglected  it  was  that,  in 
certain  cases,  this  surface  was  very  inefficient,  and  it  seemed  less 
misleading  to  neglect  it. 

With  this  limitation,  and  using  inches  instead  of  centimetres — a 
concession  to  the  usual  unit  of  the  designer  in  these  matters — the  two 
columns  20-22,  page  655,  of  my  paper  give  the  heating  coefficients  as 
defined  by  Mr.  Lister,  except  that  column  20  gives  the  results  using  the 
maximum  internal  temperature  instead  of  the  mean  temperature,  which 
is  used  in  column  22. 

This  constant  for  shunt  coils  varies  from  100  to  250,  or  in  Mr.  Lister's 
units  multiplied  by  (2'54)%  650  to  1,600,  so  that  the  figures  in  Table  IV., 
referring  to  open-type  machines  to  which  my  experiments  referred, 
namely,  1,250  and  1,500  for  50  and  500  k.w.,  are  on  the  safe  side. 
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However,  these  factors  must,  I  consider,  be  M^td  very  cau^efull?  in 
any  given  case,  and,  until  information  is  obtained  from  any  build  d 
coil»  it  is  not  wise  to  trust  such  coefftcicnts  obtained  from  other  and 
dissimilar  coils  except  as  very  rough  approximations.  What  I  would 
especially  draw  attention  to  is  the  low  \'aluc  given  above.  650  a* 
compared  with  t,6oo,  the  upper  Hmit,  It  must  be  remembered  that 
these  values  were  obtained  on  running  machines,  and,  as  it  happens,  oi 
a  similar  size — 500  k,vv. 

Now,  the  cfftciency  of  the  use  made  of  the  copper  is  roughly  io 
proportion  to  these  figures*  In  other  words»  a  proper  considentti^a 
of  the  design  of  field  coils,  from  a  radiative  point  of  view,  as  well  as 
from  a  consideration  of  the  ampere4urns  required,  may  lead  to  a 
saving  of  several  cwt*  of  copper  in  large  machines.  I  have  also  been 
assured  that  in  the  case  of  the  manufacture  of  small  machines  thb 
aspect  of  the  subject  has  enabled  such  economies  to  be  made  m  field 
copper  as  to  convert  a  commercial  loss  into  a  profit.  This  emphasise? 
the  importance  of  any  paper  on  the  subject,  and  I  would  advise 
designers  to  see  that  they  are  not  using  un necessarily*  too  much 
covering,  of  poor  beat  conductivity,  on  their  coils, 

I  have  just  brought  before  the  Institution  in  the  discussion  on 
Professor  Epstein's  paper ,"■'"  the  results  of  some  further  work  on  tlic 
subject.  Some  half-do2en  field  coils,  each  with  single  variation  of  finisK 
w*erc  experimented  on.  It  is  not  necessary  to  repeat  the  figures,  which 
will  be  published  in  due  course^  but  I  feel  that  a  great  deal  of  useful 
work  remains  to  be  done  on  these  lines. 

The  many  independent  Vtiriables  in  a  number  of  commercial  coil* 
render  any  numerical  deduction  almost  impossible,  and  it  is  only  hy 
varying  one  at  a  time  that  any  certainty  as  to  its  effect  can  be  deduced ; 
and  if  I  he  author  could  add  to  his  work  by  giving  results  obtained 
on  a  few  machines  which  had  special  coils  wound  for  them,  and  io- 
vestigate  the  many  different  conditions  of  finish  met  with  in  practice, 
I  am  sure  that  designers  would  have  still  more  data  for  further 
economies. 

Mr.  Alkxas'DER  Russell  (communiiaied)  :  The  paper  is  very 
intercjiting,  and  the  experimental  results  given  will  be  o{  permanent 
value  to  the  designer.  Much  attention  has  recently  been  paid  ti? 
devising  methods  of  getting  rid  of  the  heat  generated  in  field  coils, 
but,  as  the  author  points  out,  the  published  data  are  of  the  scantiest 
description. 

I  think  the  term  ^'heating  coefficient'*  is  not  a  good  one.  The 
number  of  "coefficients*'  and  '*  factors'*  in  electro  technics  is  now 
so  large  that  a  new  one- ought  only  to  be  accepted  as  a  last  resoarci'^ 
In  this  case  I  would  suggest  the  word  '*  emissivity/'  on  the  analogy  ei 
''surface  emissivity"  in  heat. 

What  we  want  in  practice  is  the  watts  that  is  to  say,  the  jool^ 
per  second,  radiated  per  square  centimetre  of  the  surface  of  I  be  caiJ 
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per  degree  difference  between  its  mean  temperature  and  that  of  the 
;Surrounding  objects.  Theoretically  it  would  be  better  to  take  the 
temperature  of  the  outside  of  the  coil  instead  of  it^  mean  temperature. 
l>ut  the  accurate  measurement  of  the  outside  temperature  is  very 
difificult  in  most  practical  cases. 

The  question  arises,  Does  this  cmissivlty  vary  much  with  the 
;ienipcrature  ?  In  Fi^r.  i  the  author  gives  a  curve  show^ing  how  the 
fwatts  radiated  per  iiquare  centimetre  vary  with  the  temperature  rise 
if  or  a  coil  supported  in  air.  If  W  denote  the  %vatts  radiatedj  S  the 
surface,  and  /  the  mean  temperature  rise,  the  equation  to  the  curve  in 
l^ig.  t  marked  "Watts  per  square  centimetre"  is — 

W/S  =  (o'6  +  o*ooi6fX/iooo. 

The  maximum  inaccuracy  of  the  results  calculated  by  thi^i  equation 
as  compared  with  the  given  curv^e  is  about  i  per  cent.  We  see,  there- 
fore, that  the  **  emi*isivity "  in  this  case  is  {0*6 -)- 0*0016/)/ looo,  and  for 
small  values  of  /  it  may  be  taken  equal  to  O'ooo6  watts  per  square 
centimetre  per  degree  difference  of  temperature. 

For  /  ^  50 "  C.  the  ''  emissivity ''  would  be  about  13  per  cent,  greater. 
It  niay  be  objected  that  o  0006  is  a  small  fraction,  and  that  engineers 
prefer  dealing  with  a  larger  integer  like  its  reciprocal,  1*667,  ^^^  ^^^ 
author  has  given  a  meaning  to  this  number.  As  copper  melts,  however, 
at  1,085"*  C.,  we  get  into  difficulties  when  we  try  to  imagine  what 
happens  when  it  gets  to  1^667^  C*  In  conclusion^  I  should  like  to  point 
out  the  difference  in  the  temperature  of  coils  measured  in  this  cotmtry, 
in  America^  and  on  the  continent.  In  this  country  we  generally  assume 
in  commercial  testing  that  rt  =  000428,  but  in  America  they  take 
a  ^  0*0042.  The  calculated  temperature  of  the  coil  is  therefore  about 
3  per  cent,  hotter  in  America*  On  the  continent,  however,  a  is  taken 
either  as  0004  or  as  0^005!^,  and  hence  the  temperatures  calculated 
abroad  are  sometimes  10  per  cent,  higher.  The  best  value  to  take  for 
a  in  commercial  testing  is  0*004,  ^  t^>^  enables  us  to  use  the  simple 
formula — 

d=(R./R.^iX/-r2So), 

where  B  is  the  rise  of  temperature  in  degrees  Centigrade^  Rt  the  initial 
measured  resistance  at  the  temperature  /,  and  R*  the  final  measured 
resistance  at  the  temperature  {i  -i-  $y  C. 

Mr,  C,  C,  Hawkins  (commuTijajtai)  ■  In  addition  to  the  valuable 
data  given  by  the  author,  something  might  be  added  in  reference  to 
sim^ilar  data  for  coils  divided  into  sections,  with  ventilating  passages 
between  the  sections,  Each  coil  is  divided  into,  say,  three  sections, 
with  intervening  air-gaps  of  ^  in.,  and  the  whole  coil  is  separated  from 
the  pole  by  distance-pieces,  so  that  air  can  freely  pass  radially  inwards 
and  upwards.  The  cross-area  of  each  section  is  such  that  it  is  not  far 
from  square,  or  if  anything  the  radial  depth  is  slightly  greater  than  the 
ajtial  height.  The  merits  of  the  construction  are  that  the  inner  end- 
f^^nncctions  can  be  so  easily  brought  out,  and  a  thin  wrapping  of  tape 
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gtvcs  perfect  insulation  ;  but  also  incidentally  the  mean  final  rise  of  tk 
coil  IS  made  to  approach  much  more  closely  to  the  external  surface 
rise,  and  tiie  heating  coefficient  for  the  mean  final  rise  on  the  basis  of 
calculation  suggested  by  the  author  can  be  reduced  with  open  dynanK* 
coils  to  800,  or  even  as  low  as  700.  One  of  the  sections  is  conveiiient!| 
confined  to  the  series  winding  vvhcn  the  machine  is  com  pound-wound 
Of  course  such  "  sectionised "  coils  are  slightly  detrimental  tt>  ihc 
efficiency  of  the  "machine,  since  if  the  inter\'ening  jE^aps  were  Hilled  nf 
with  copper  less  watts  would  be  spent.  But  in  a  large  machine  this  hau 
so  small  an  influence  ^"  ^^^  efficiency  that  its  economv  recommends  il 
Since  almost  all  insulating  materirds  arc  ji^ood  heat-insulators^  thick 
insulating  bobbins,  such  as  those  moulded  from  vulcaiiasbest,  haw 
the  disadvantage  of  raising  the  heating  coefficient  considersblyt 
although  they  are  of  greiit  con%^enicnce  to  the  manufacturer  in  the 
process  of  winding*  When  they  are  used  it  is  advisable  to  take  Ibc 
exterior  surface  only  as  the  basis  for  coohng  calculations. 

One  hardly  hkes  to  add  any  figures  dealing  with  the  rise  of  tk 
exterior  surface  for  fear  of  meeting  with  the  reproach,  **How  verr 
unscientific  I "  It  is  quite  true  that  the  mean  rise  of  temperature 
bear!^  more  immediateiy  upon  the  life  and  regulation  of  the  niachmc 
But  the  fact  is  that  up  to  the  present  in  the  majority  of  specili cations 
it  still  remains  the  rise  of  temperature  of  the  exterior  surface  as 
measured  by  a  thermometer,  for  which  a  limit  is  specifit^d.  It  muiil 
therefore  possess  the  greater  interest  to  the  designer  so  long  as  the 
acceptance  or  rejection  of  the  machine  depends  upon  ii.  Further, 
there  is  something  to  be  said  for  it,  since  tlie  test  is  so  easily  applied, 
and  agreement  between  purcliiiser  and  seller  follows  at  once  frt>m 
inspection  of  the  thermometer,  while  the  measurement  of  the  bot 
resistance  has  to  be  very  carefully  taken  if  accurate  results  are  to  be 
obtained.  In  reference  to  surface  rise,  the  figure  for  well* ventilated 
'* sectionised  "  coils  is  reduced  to  about  465  to  400. 

Mr,  LiSTEft  {in  reply)  1  In  view  of  several  criticisms  as  to  the 
reliability  of  the  tigures  given  in  Table  IV.,  I  would  like  to  emphasise 
the  fact  that  they  are  put  forward  as  a  consistent  range  of  approximjk 
values  only,  and,  as  stated  in  the  paper,  accurate  figures  for  working 
conditions  can  only  be  obtained  by  direct  experiment  on  the  par* 
ticular  type  of  coil  and  machine  under  consideration,  and  such  figure* 
only  apply  to  this  type. 

In  reply  to  Mr.  Lea,  potentiometric  measurements  are  troubleiorae 
and  difficult  to  carry  out  in  the  case  of  running  machinery.  Good 
moving  coil  instruments  will  give  results  sufficiently  accurate,  and  such 
instruments  will  be  found  in  every  test  room,  Mr,  Lea*s  reference  to 
iron  piping  is  interesting*  Iron  pipe  is  probably  a  better  radiator  tiian 
the  surface  of  a  field  coil,  and  is  usually  so  fisted  that  it  works  undei 
better  conditions.  The  figure,  1,025,  for  the  heating  coefl&cient  whick 
appears  in  Table  IIL  was  obtained  on  a  type  of  machine  the  field  coils 
of  wl)ich  were  very  favourably  placed.  The  ligure  of  j  ,550  in  Tahlu  IV- 
refers  to  the  modern  multipolar  protected  type,     Mr.  Lea  raised  the 
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question  of  the  advisable  temperature  rise.    This  has  bc^^ii  fully  dealt   Mr,  Ustenj 
with  by  Mr  Hobart  in  his  contribution  to  the  discussion. 

I  agree  with  Mr.  Taylor  that  con%'cction  may  he  one  of  the  causes 
of  the  falKog  of  the  curves  in  Fig»  J,  but  it  is  aJso  largely  accounted  for 
by  Stef:in's  laws  of  radiation.  Unfortunately  I  have  had  no  oppor- 
tunity of  testing  embedded  coib. 

In  reply  to  Mr.  Mtirphy,  all  the  coils  tested  were  black  except 
Coils  III.  and  V,,  which  were  varnished  with  shellac. 

I  am  very  much  interested  in  Dr.  Glazebrook's  treatment  of  the 
problem.  But  it  appears  to  me  that  in  addition  to  determining  k  for 
each  type  of  coilj  it  will  be  necessary  to  determine  the  exterior  conduc- 
tivities A,  and  h.j  under  all  the  various  conditions  of  type,  speed,  and 
load.  Three  ranges  of  experimentally  determined  figures  will  have  to 
be  employed  J  and  most  designers  w^ould  prefer  to  use  one  coefficient 
onh\  especially  as  it  would  probably  give  results  equally  useful. 

Dr,  Hay's  suggested  tests  should  give  very  valuable  data,  I  under- 
stand that  Mr.  Rayner  has  recently  been  experimenting  with  %'arious 
coverings.  I  am  afraid  that  tests  on  corrugated  coils  will  not  give  very 
practical  resultSi  and  probably  the  best  way  to  study  convective  effects 
will  be  by  testing  a  coil  in  various  regulated  currents  of  air.  Testing 
the  coil  in  place  on  macliine  and  varying  the  peripheral  speed  of  the 
armature  when  running  unloaded  is  of  course  the  practical  test  for  any 
given  t^-'pe  of  machine  (see  Fig,  6). 

1  have  to  thank  Mr,  Hobart  for  the  two  references  to  previous  work 
which  I  had  overlooked.  1  did  not  suggest  that  Es son's  365  should  be 
compared  with  Goldschmidt's  1,600  on  the  same  basis.  In  fact,  I  gave 
the  same  reasons  for  the  disagreement  as  those  numerically  worked 
out  by  Mr.  Hobart-  Mr*  Hobart  shows  a  very  close  agreement,  but  it 
depends  upon  the  figures  taken  for  the  two  correcting  factors  used. 
Both  of  these  will  vary  with  the  type  of  machine^  and  in  neither  case 
is  this  information  available.  Mr.  Hobart  has  very  clearly  pointed 
out  the  difference  between  the  temperature  rise  as  measured  by 
thermometer  and  by  increase  of  resistance. 

At  the  conclusion  of  the  meeting  a  unanimous  vote  of  thanks  was 
passed  to  the  author  for  his  interesting  paper* 
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By  Miles  Walker,  Associate,* 

{Paper  read  December  4,  1906.) 

The  main  systems  m  which  rotary  converters  have  been  emplojwi 
can  be  classiiiied  broadly  as  follows  : — 

First,  there  are  railway  and  tramway  systems,  where  3-pUasi: 
power  is  generated  for  distribution  and  converted  into  direct  ctirrtnt 
at  500  or  600  volts*  Here,  as  a  rule,  the  frequency  chosen  is  fairly 
low,  and  the  rotary  converter  is  indisputably  the  he^t  apparatus  !of 
converting. 

The  second  use  of  rotartes— which  in  (he  future  may  become  vert 
much  greater  than  it  is  now^ — is  for  electrolytic  work.  Here  the  hijjii 
efficiency  of  the  rotary  converter  commends  it  for  general  use. 

The  third  great  use  for  rotaries  is  in  the  conversion  for  lighting  and 
traction  systems  in  towns  where  the  frequency  of  supply  H  40  or  30 
nj.  For  the  last  three  or  four  years  there  has  been  a  well- 
established  opinion  in  the  minds  of  central  station  engineers  and 
consulting  engineers  that  the  50-ru  rotary  converter  was  a  delicate 
and  unslable  piece  of  apparatus*  This  opinion  is  beginning  to  waver  if! 
the  face  of  facts,  and  there  are  now  50- fV  rotary  converters  d 
capacities  from  150  to  i»5oo  k*w»  running  in  different  parts  of  the 
country  in  a  highly  satisfactory  manner, 

[n  01  dcr  to  compare  the  advantages  of  the  rotary  converter  over 
the  motor -generator  for  this  class  of  work,  it  is  necessary  to  take  into 
account  a  great  number  of  features,  and  for  this  purpose  I  have  made 
out  a  table  in  which  the  advantages  and  disadvantages  are  set  out  in 
columns, 

The  four  types  of  apparatus  which  arc  in  commercial  use  at  the  pre- 
sent time  are  the  rotary  converter,  the  motor  converter,  the  synch roooos 
motor- gene  rat  or,  and  the  asynchronous  motor-generator.  I  liavc  tn* 
ckided  in  the  table  the  pcrmutator,  the  electrolytic  rectifier,  and  llfcc 
me  ret  try  vapour  rectifier — not  because  they  are  at  present  sen  001 
competitors^  but  because  they  may  at  some  future  time  become 
competitors.  We  may,  however,  mainly  confine  our  attention  to  Ific 
first  four, 

SUiriing, — Beginning  with  the  question  of  starting,  the  usual  pr^tice 


1906J 


VERSUS  MOTOR-GENERATORS. 


429 


oonmiiv 


I      I 


as 


fl    E    Q 


8^ 


5^ 


4? 


G 


1 
^ 


c 
9 


I  I  I 


Hip 


I 


«'  pH  1=^ 

3       g       B 

5        fifl        cl 


I     t     I 


-iKjf)it|ntuu]0Q 


S8 


a 

O 


& 


•I 


'^oxpniwdaKQ 


^ 


^ 


^ 


I       I       I 


12 


U 
>. 


ii 


S3 


I        I        I 


5* 


o 


>5 


■  A  ^j  fl  ** 
"  p  ra  (u  Ti 


0^ 


o 
:i5 


Lr 
> 


S3 
> 


wo 


(9 


1 


I     I     I 


<^ 


c 


I     I 


lMi|aont3ti^ 


.    1    u 


:S 


I 


o 


I         I 


b 


t^ 

'         " 

^ 

» 

^ 

V 

1-  o 

> 

2i2 

;^* 

& 

a^ 

'' 

g 

i  11 

fi  ^ 

o  c 

t:  u 

€« 

5.1 

a 

S3 

u 
^1 


^     sill 

£  a*  ^« 


480 


WALKER;   ROTARY   CONVERTERS  [ManclMitif, 


with  large  rotary  converters  iis  to  employ  starting  motors,  because  experi- 
ence has  shown  tliat  this  method  of  starling  is  exceedingly  simple  and 
satisfactory*  Where,  however,  there  is  any  objection  to  its  ii!&c,  it  is 
pobsibie  to  start  up  either  on  the  D*C.  side  or  on  the  A.C.  side.  For 
low  frequency,  rotaries  starting  np  on  the  A*C.  side  without  sturtinij 
motors  and  without  synchronisers  can  be  recommended.  Where  it  h 
necessary  to  cut  down  the  starling  current  to  the  low^cst  pofsiblr 
minimum,  ball  bearings  may  be  used  with  safety  up  to  the  500- k,w.  size. 
Ball  bearings  have  been  installed  at  Leeds  on  325-k.w.  rotaries,  m\d 
have  proved  satisfactory.  One  of  these  r claries  will  easily  start  on 
onc*fif  th  of  the  voltage  of  sup  ply  t  and  the  maximum  current  on  starting 
up  does  not  exceed  one-third  of  full-load  current  on  the  high  tension  side. 
For  larger  sizes,  if  it  were  necessary  for  any  special  reason  to  start  up  on 
the  A.C,  side,  special  provision  can  be  made  in  the  design  of  the  rotary 
to  limit  the  starting  current  to  a  very  small  amount.  One  reason  which 
has  been  brought  against  the  use  of  rotary  converters  in  traction  w*ork 
is  that,  if,  owing  to  failure  in  the  generating  station,  there  is  a  general 
shut  down,  it  is  iiiuch  more  difficult  to  start  up  again  than  it  is  to  start 
up  with  induction  motor  ^generators  which  can  be  started  without 
synchronising*  This  objection  can  be  met  by  using  self-starting  no 
con%*erters,  such  as  are  installed  at  Leeds  and  at  other  places.  A 
starting  rotary  may  Iiave  attached  to  it  a  sjnall  exciter  in  order  that 
potarity  may  with  certainty  be  brought  up  the  right  way  in  the  iirst 
instance.  The  position  of  the  motor  converter  in  the  matter  of  syn- 
chronising is  the  same  as  the  rotary.  There  is  supplied  with  the  motor 
converter  a  little  instrument  which  indicates  when  the  cmTent  in  the 
rotor  is  at  the  minimum  :  after  the  starting  switch  has  been  closed^  the 
current  in  ttie  rotor  rises  and  falls,  depending  on  the  change  of 
frequency.  It  is  just  as  difficult  to  hit  off  the  right  time  for  throwing 
in  the  motor  converter  by  observing  this  instrument  as  it  is  to  hit  off 
the  right  time  for  throwing  in  a  rotary  converter  by  means  of  a  syn* 
cbroscope,  and  the  time  taken  is  the  same  under  the  same  conditions, 
and  depends  somewhat  on  the  skill  of  the  operator 

The  synchronous  motor-generator  of  course  can  be  started  either 
by  means  of  a  starting  motor  or  on  the  D.C.  side^  or  can  be  made  self- 
starting  on  the  A.C.  side  when  suitably  designed. 

The  induction  motor-generator,  of  course,  does  not  require  synctiro- 
nising  at  alL 

Parallel  Running.— V^^q  now  come  to  the  questioti  of  parallel  running. 
There  is  a  prevalent  opinion  that  a  $o-f\j  rotary  converter  hunt* ; 
this  is  true  of  a  badly-designed  rotary  converter,  but  is  not  true  of  a 
properly-designed  machine  when  working  under  reasonable  conditions, 
such  as  can  ordinarily  be  found  in  the  sub-stations  of  towns,  I  have 
seen  a  250-kw,  $o*f\j  rotary  running  in  the  Polygon  sub-station, 
Manchester,  in  parallel  with  motor-generator  sets  in  a  highly  satis- 
factory manner  ;  there  was  not  the  slightest  suspicion  of  Ivnnting* 
The  rotary  took  its  load  with  the  motor-generators,  and  was  in  every 
way    perfectly   stable.     The   parallel    operation   of   a   ^q-(\j 
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converter  when  properly  designed  is  in  every  respect  satisfactory, 
and  the  statement  to  the  contrary  is  based  only  on  experience  with 
antiquated  machines*  The  parallel  running  on  the  A.C»  side  of  a 
roUry  converter  is  really  considerably  better  than  the  parallel  running 
of  a  synchronous  motor-generalor  set,  because  the  rotating  part  being 
lighter,  the  speed  can  be  more  easily  changed  to  meet  any  sudden 
changes  of  frequenc3%  in  case  of  a  heavy  load  the  rotary  has  an 
enormous  advantage,  because  the  heavy  load  makes  very  little 
difference  to  the  mechanical  turning  moment  called  for,  whereas 
with  a  motor- genera  tor,  the  turning  moment  is  proportional  to  the 
load.  In  the  case  of  a  rotary,  the  work  is  done  by  the  transformers*  It 
is  hardly  felt  by  the  running  machine,  which  merely  acts  as  a  con- 
ductor* The  disadvantage  of  the  synchronous  motor-generator  in  this 
respect  is  to  a  certain  extent  shared  by  the  Peebles- Lacour  motor 
converter.  It  is  not  true  that  the  motor  converter  has  a  greater  syn- 
chronising power  than  the  rotary.  The  synchronising  current  taken 
by  a  rotary  is  only  hmited  by  tlie  resistance  of  the  line,  and  the  small 
resistance  and  self-induction  of  its  armature,  whereas  the  synchronismg 
current  of  a  motor  converter  is  Umited  by  the  self-induction  both  of 
the  stator  and  rotor  of  the  induction  motor  end*  With  regard  to  the 
parallel  running  on  the  D.C.  side,  all  types  stand  on  the  same  footing* 

Vanatjon  qf  Voltage. — There  are  really  four  different  questions  to 
consider  in  connection  with  the  variation  of  voltage*  There  is  the 
question  how  far  the  D,C  voltage  varies  with  the  A.C.  voltage  t  there 
is  the  question  how  far  the  D.C*  voltage  varies  when  the  frequency 
varies ;  also  how  far  it  is  possible  to  obtain  hand  adjustment  of  the 
voltage  through  any  required  range  ;  and  there  is  the  further  question 
of  automatic  compounding  when  load  comes  on. 

As  to  the  variation  of  the  D.C.  voltage  with  the  A.C*  voltage,  the 
table  shows  exactly  what  the  position  is*  The  D*C*  voltage  and  the 
A*C,  voltage  of  both  the  roi^ry  converter  and  the  motor  converter  vary 
together*  The  simple  motor-generator  has  an  advantage  in  this  respect 
in  that  the  D.C.  generator  is  entirely  independent,  and  so  long  as  it  is 
running  at  constant  speed  and  load  gives  a  constant  voltage.  In  cases 
where  the  A*C*  voltage  is  unsteady ,  and  it  is  required  to  preserve  a 
constant  D*C,  voltage,  the  motor-generator  wilJ  be  the  simplest 
apparatus  to  employ,  but  the  superior  efficiency  of  the  rotary  con- 
verter will  sometimes  make  it  worth  while  to  introduce  automatic 
voltage  regulators,  so  Uiat  a  steady  D.C*  voltage  can  be  maintained, 
notwithstanding  variations  in  the  A*C.  supply*  Automatic  regulators 
have  liecn  designed  which  will  hold  the  D*C*  voltage  constant  within 
half  of  I  per  cent*,  notwithstanding  the  variation  of  the  A*C*  voltage 
through  a  range  of  lo  per  cent.  When  it  is  considered  how  the  D.C. 
voltage  varies  with  the  frequency^  it  will  be  seen  tliat  the  positions  of  the 
rotary  and  the  motor -genera  tor  are  reversed*  The  D*C.  voltage  of  a 
rotary  is  not  dependent  upon  the  f  requeue},  w^hereas  with  I  he  motor- 
generator  a  change  in  the  frequency  of  i  per  cent,  will  often  make  a 
change  in  the  D,C«  voltage  of  i  per  cent. 
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Hand  Rcgiilatmn  of  Voltagr.—li  is  possible  lo  canry  out  haxid  adjust* 
ment  of  voltage  through  wide  ranges  on  all  four  classes  of  apparatus. 

In  the  case  of  a  rotary  converter,  there  are  four  methods  by  which  the 
adjustment  of  voltaj^e  can  be  obtained. 

The  simplest  method  is  to  build  the  transformers  feeding  Ihe  robiry 
with  a  high  inductive  drop»  The  arrangement  is  given  diagram* 
matically  in  Fig.  i.  The  rotary  then  behaves  very  much  as  a  shonl 
generator  By  increasing  the  excitation  the  voltage  is  increased  ;  by 
decreasing  the  excitation  the  voltage  is  decreased.    The  only  drawback 
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to  this  method  is  that  the  power  factor  varies  as  the  voltage  is  varied* 
Curve  Fig.  2  shows  the  hmitavvi  thin  which  the  power  factor  on  the  high 
tension  side  varies  at  full  load  when  the  voltage  is  changed  through 
a  range  of  to  per  cent.  It  will  he  seen  thai  we  keep  within  95  per  cent 
lagging  and  4^6  per  cent,  leading.  As  it  generally  happens  that  it  i^^  al 
heavy  loads  that  we  require  to  raise  the  voltage,  the  leading  current  is 
rather  a  good  point,  as  it  helps  out  the  lagging  current  taken  by  am" 
induction  motors  on  the  system,  and  lends  to  raise  the  voJtuge  of  the 
generators.  Moreover,  it  will  be  noticed  that  anywhere  in  the  nci^h* 
bourhood  of  normal  voltage  the  power  factor  is  near  unity.  It  is  onh* 
when  the  voltage  is  reduced  below  normal  that  the  power  factor  comes 
over  to  the  lagging  side. 

The  second  method  for  obtaining  hand  adjustment  of  the  voltigf  r» 
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to  put  an  alternatmg-current  booster  on  to  the  shaft  of  the  rotary,  and 
change  the  A.C,  voltage  supply  of  tht^  rotary  by  varying  the  iieW  of  this 
booster.    This  method  is  shown  diiigranimatically  iji  Fig.  3, 

In  additionjby  means  of  this  booster  complete  control  can  be  pre- 
iscrved  over  the  power  factor,  notwithstanding  any  change  in  the  voltage* 
In  all  cases  where  a  very  wide  range  of  voltagCj  say  up  to  25  per  cent,, 
is  required,  the  booster  method  is  to  be  preferred  to  the  iH^tf-inductioo 
method.  We  may  take  10  per  cent,  range  in  voltage  as  being  the 
practical  Hniit  in  this  latter  case,  though  by  special  arrangements  it  can 
be  extended  to  15  per  cent. 


Inquctoi 
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The  third  method  is  by  connecting  an  induction  regulator  between 
the  transformers  and  the  rotary*  This  is  shown  in  Fig,  4.  The 
1,500-k.w.  50-^%;  rotary  converters  operating  at  Brighton  obtain 
their  %'oltage  regulation  by  means  of  induction  regulators,  One  of  the 
objections  to  the  use  of  these  regulators  is  that  they  require  cooling  by 
an  air-blast ;  this,  however,  is  not  a  serious  objection  where  air-blast 
transformers  are  used.  In  cases  where  an  air-blast  is  available,  the 
induction  regulator  is  to  be  preferred  to  the  A.C.  booster  if  tbe  number 
of  poles  on  the  rotary  is  very  great.  It  wilt  be  understood  that  the 
number  of  poles  on  the  booster  must  be  the  same  as  on  the  rotary. 
Where  the  number  of  poles  is  as  great  as  thirty — as  at  Brighton — the 
induction  regulator,  in  whicli  the  number  of  poles  can  be  made  as  few 
as  we  like*  makes  a  cheaper  and  more  compact  machine, 
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The  fourth  method  (shown  in  Fig.  5)  of  adjuring  the  D.C  volt^c  u 
to  bring  taps  from  the  transformers  either  on  the  high  ten^sion  lidc  or 
on  the  low  tension  side,  arid  change  the  working  tappings  by  means  d 
a  dial.  There  will,  of  course^  always  be  an  objection  to  any  system  in 
which  tappings  from  the  transformer  are  brought  to  a  dial,  on  i 
of  the  possibility  of  accidental  short  circuits. 

Compounding. — All  four  classes  of  converting  apparatus  are  the; 
in  the  matter  of  automatic  compounding.  It  is  just  as  easy  to  obtain  2, 
compounding  effect  of  10  per  cent*  between  no  load  and  fuJi  load  on  1 
rotary  converter  as  it  is  on  a  motor-generator,  This  compounding  c^ 
either  be  carried  out  by  putting  a  series  coil  m 
the  field  of  the  rotatj^and  self -induction  in  the 
transformers  feeding  it,  or  by  adding  a  scrirs 
coil  to  the  AX.  booster  lixtfd  on  the  shaft. 

There  are  some  casciii  where  h  rcver>=cd  cotu* 
pound  winding  is  useful  ;  for  instance,  whtTe 
it  is  intended  to  run  rotary  converters  in 
prirallel  with  shtmt  generators,  the  transformcn 
should  be  designed  with  con^ideralile  ^l(- 
induction,  and  a  reversed  series  winding  put 
on  the  rotary  converter*  This  gives  the  rolarv' 
all  I  he  characteristics  of  a  shunt  machine* 
When  the  load  comes  on,  the  voltage  falls, 
and  by  arranging  a  suitable  German-silvtr 
shunt,  the  characteristics  of  the  machine  nUT 
he  made  to  imitate  very  closeh'  the  shmsl 
generators  with  which  it  is  to  run  in  paraUcl 

Commttkiitofu  —  In  all  direct  -  current 
machines,  good  commutation  is  a  most  impor* 
tant  feature.  It  is  common  knowledge  th^l 
the  problem  of  commutation  on  a  rotary  con- 
verter is  very  much  easier  than  on  direct- 
current  machines,  as  there  is  very  little  6dd 
distortion  by  the  armature  current,  so  that 
excellent  commutation  can  be  obtained  through 
very  wide  ranges  of  load.  Even  up  to  three  and  four  times  full  load 
current  can  be  collected  from  a  rotary  converter  without  exces^iit 
sparking  or  flashing  over,  and  up  to  loo  per  cent,  overload  can  H 
commutated  sparklessly. 

The  40- ^X*  rotary  converters  supplied  by  the  Westinghouse  Com* 
pany  to  the  Korth-Eastern  Railway  Company  yield  a  uorraal-ratcd 
current  of  r,30o  amperes.  1  have  seen  one  of  these  machines  dchvcr* 
ing  2,500  amperes  on  ordinary  railway  service  without  the  sign  erf  a 
spark  on  the  commutator. 

In  a  recent  test  of  a  50-rv  250-k.w.  rotary  converter,  in  the  presence 
of  a  well-known  engineer  who  wished  to  see  an  overload  test,  the 
machine^  when  running  at  three-quarter  ioadi  was  subjected  to  an 
additional  load  equal  to  250  per  cent,  overload^  thrown  suddenly  on 
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with  a  knife  switch,  without  causing  serious  sparking.  It  is  hard  to  say 
hat  grounds  there  can  be  for  the  contention  that  the  5o-r\j  rotary 
converter  is  a  dehcate  and  unstable  piece  of  apparatus.  The  great 
overload  capacity  of  the  rotary  converter  is  due  not  only  to  its  good 
commutating  qualities^  but  to  the  fact  that  the  copper  losses  in  the 
armature  are  small  on  overloads. 

Risk  of  Breakdoum. — The  consideration  which  is  most  important  to 
station  engineer  is  freedom  from  breakdown*  For  small ness  of  risk 
of  breakdown!  the  rotary  converter  and  its  transforrners  are  superior  to 
any  other  converting  machinery^  because  in  the  tirst  place  there  is  no 
high  voltage  on  the  running  machine,  and  in  the  second  place  there  is 
only  one  running  machine  to  break  down,  instead  of  two,  A  well- 
ins  utated  transformer  is  very  much  [ess  likely  to  break  down  than  any 
jcind  of  high-voltage  armature*  Even  if  one  of  the  transformers  does 
break  down,  the  load  can  be  carried  on  the  other  two. 

Power  FachK — As  is  well  known,  the  power  factor  of  a  load  of  rotary 
converters  can  be  adjusted  to  any  desired  figure  by  varying  the  exci- 
Itaiton.  In  ordinary  tia.ction  work,  where  the  rotarics  are  compounded, 
the  power  factor  varies  with  the  load,  and  it  is  uHualJy  arranged  that  on 
full  load  there  is  a  leading  power  factor  on  the  high  tension  side 
between  gg  per  cent,  and  96  per  cent.  This  gives  a  slight  leading 
component,  which  of  course  is  desirable  on  full  load.  The  synchronous 
motor-generator  set  is  the  same  as  the  rotary  converter  in  this  respect, 
that  the  power  factor  is  completely  under  control  in  all  circumstances. 
The  asynchronous  motor-generator  set  b^is  a  lagging  power  factor  less 
than  unity, 

Ej^€uncy.^licre  the  rotaiy  converter  has  a  substantial  advantage 
over  any  other  type  of  converting  apparatus.  In  comparing  the 
efficiencies  of  different  machines,  it  is  very  important  to  consider  the 
basis  of  their  ratings.  When  a  ^ub*station  is  supplying  a  town  load, 
it  is  always  necessary  to  have  enough  machines  running  to  avoid 
catastrophe  in  the  case  of  sudden  unexpected  demands.  The 
efficiency  of  the  sub-station  will  greatly  depend  upon  how  many 
machines  arc  running,  and  how  near  to  full  load  Ihcy  arc  working. 
If  the  station  is  provided  with  rotary  converters,  it  is  in  most  cases 
perfectly  safe  to  liave  all  the  rotary  converters  fully  loaded  and  allow 
them  to  be  overloaded  before  a  new  machine  is  thrown  in.  This  is 
because  the  rotary  converters  can  take  50  per  cent,  overload  for  an 
hour  or  two  in  case  the  load  should  be  unexpectedly  increased.  More- 
over* th-jy  can  take  100  per  cent,  overload  without  any  commutation 
troubles  for  a  time  sufficient  to  synchronise  and  throw  in  additional 
machines,  Wlien  dealing  with  motor  converters  or  motor- generators, 
which  are  not  able  to  take  such  excessive  overloads  without  danger, 
the  station  engineer  is  not  justified  in  normally  running  his  machines 
up  to  swch  a  high  point.  He  must,  except  for  the  very  steadiest  loads, 
always  have  some  capacity  in  hand  to  meet  sudden  demands  and  give 
him  time  to  throw  in  other  machines.  In  making  a  fair  comparison  of 
the  year-round  efticiency  of  dilferetit  types  of  converterS|  it  would  not 
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bu  unf^r  to  take  the  efficiency  of  the  roUry  at  full  load  and  the  othcf 
types  of  apparatus  at  Uiree-quarter  load.  In  the  table,  however,  t&- 
ciencies  are  given  without  regard  to  this  additional  advantage  on  iht 
part  of  the  rotary.  The  machines  are  compared  designed  with  the  sam^ 
liberality  and  sitme  factor  of  safety  in  insulation  and  mechanical 
!>trength, 

A ttcntton,— In  the  amount  of  attentioii  required  to  keep  a  machine 
clean  and  in  good  running  c:ondition,  the  rotary  converter  is  jU5*l  twict 
a^  good  as  its  competitors.  There  is  only  one  machin*^  to  keep  elcaii 
instead  of  two,  and,  moreover^  the  estsy  commutatioa  cnabjeii  the  carboo 
brushes  to  run  for  years  with  only  the  slightest  wear* 

Floor  Sj^aa. — In  the  matter  of  floor  space,  Ihe  rotary  is  ag^n  at  tk 
headf  provided  the  transfonners  can  be  placed  in  a  lower  or  upper 
storey,  as  is  often  the  case.  The  floor  space  of  the  rotary  is  77  sq.  it  j 
of  the  motor -generator  164  sq.  ft.  ;  and  of  the  motor  converter  1 17  sq,  it 
In  addition  to  this,  the  starting  motor  of  the  rotary  (if  required^  tabes 
up  a  few  square  feet^  as  does  also  the  starting  box  of  the  motor  con- 
verter, A  comparison  of  the  floor  space  of  50O-k.w*  si2e$  ii>  still  mort 
in  favour  of  the  rotary. 


Discussion. 

The  Chairman  (Mr.  T,  L,  Milleri  :  Before  opening  the  discu^ion, 
I  should  hke  to  make  one  or  two  remarks  on  the  paper-  The  author 
has  presented  tlie  case  between  the  converter  and  the  motor  gcncraif^r 
very  fairly.  He  states  that  such  rotaries  as  he  has  met  with  whidi 
have  given  trouble  are  of  antiquated  design,  but  no  doubt  we  sM 
hear  a  good  deal  of  difference  of  opinion  with  regard  to  the  operation 
of  rotarics  and  motor  generators.  In  the  past  there  has  undoubtedly 
tDCcn  very  considerable  difficulty  with  running  rotaries  at  50  or  ^ 
rsj.  Of  course  the  most  important  point  for  the  central  siatioi> 
engineer  is  continuous  running.  The  matter  of  eflicicncy  li  a  very 
trifling  one  compared  with  a  shutdown,  which  would  be  likely  to  cause 
a  greater  tinancial  loss  than  any  shght  gain  in  efttciency* 

The  author  has  drawn  attention  to  thu  fact  that  the  voltage  vnmd 
on  the  D.C.  side  with  that  on  the  A.C,  side  with  the  rotary,  and  has 
pointed  out  how  that  could  be  got  over,  but  all  such  additions  eosi 
money  I  and  if  there  is  an  advantage  in  price,  tlien  every  additiooaJ 
appliance  put  on  means  a  reduction  of  that  advantage,  and  I  shotJti 
like  to  have  from  Mr,  Walker  some  hgures  with  regard  to  the  ockJ 
of  the  motor  generator  with  the  extra  appliances.  1  think  the  majorih' 
of  us  are  concerned  with  what  we  can  buy  the  machinery  at  »o"l 
no  doubt  dm'ing  the  cvehing  wc  shall  have  some  figures  with  regaid 
to  the  relative  cost* 

There  is  another  pcsint  in  regard  to  the  operation  of  rolane^ 
which  I  should  hke  to  refer  to.  In  a  paper  read  before  the  American 
I,E.E.,  reference  is  made  to  trouble  experienced  when  rotarics  iot 
run  in  parallel  from  one  bank  of  transformers.    It  appeared  froni  the 
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discussion  that  that  arrangement  had  in  a  number  of  cases  given  rise  The 
to  a  very  great  deal  of  trouble,  but  that  these  trouble;^  were  obviated   *^^^^'™*'^ 
by  putting  with  each  rotary  its  own  bank  of  transformers.     I  should 
be  glad  to  know  if  the  author  has  experienced  that  trouble. 

Mr*  S,  L*  Pearce  :  What  few  remarks  I  have  to  make  I  make  **f  Pearo 
from  the  point  of  view  of  the  central  station  engineer^  imd  more 
particularly  from  that  of  one  who  has  had  at  some  time  or  other  most 
of  the  types  of  plant  mentioned  in  the  paper  under  his  controL  I  do 
not  propose  to  go  into  the  technical  points  in  connection  with  the 
design  of  motor  generators  and  of  rotary  converters.  There  are,  of 
coursCj  a  very  large  number  of  interesting  points  in  connection  with 
llie  design  of  rotaries,  but  more  particularly  of  the  5o-rsj  rotaries, 
which  of  necessity  are  bound  to  have  a  very  large  number  of  poles 
and  a  large  number  of  commutator  bars,  with  comparatively  small 
centres  between  the  brush  collectors.  All  those  are  points  w^hich 
I  hope  will  be  brought  out  later  on,  as  bearing  on  the  question 
whether  the  50 -rv  rotary  is  really  a  good  piece  of  electrical  appa- 
ratus or  not-  The  author  divides  the  use  to  which  rotaries  may 
be  put  under  practically  three  headings.  He  instances  first  of  all 
traction  plants.  He  then  goes  on  to  mention  in  the  second  place 
the  use  of  rotaries  for  electrolytic  work^  and  instances  the  Car- 
ville  sub-station  of  the  Castner  Kellner  Company-  I  was  in  that 
particular  station  a  few  weeks  ago,  and  was  somewhat  surprised 
10  see  alongside  the  rotary  ptanti  three  m  o  tor  <  gene  rat  or  sets,  of 
600  k.w.  capacity.  It  would  be  of  interest  to  know  why  it  was 
found  necessary  to  put  motor  generators  alongside  the  rotaries  in 
the  Castner  Keliner  station.  The  third  and  most  important  point 
is  the  question  of  using  rotaries  at  50  r\j  for  combined  lighting 
and  tramway  work,  and  one  cannot  fail  to  be  struck  with  the  very 
slow  advance  made  in  the  past  few  years  with  the  installation  of 
rotaries  on  50-nu  circuits.  It  may  be  said  that  this  is  due  tO 
prejudice  on  the  part  of  station  engineers*  I  prefer  to  think  it  is  not 
due  altogether  to  prejudice,  but  to  certain  well-defined  and  clear 
opinions  that  English  engineers  have  with  regard  to  the  comparative 
merits  of  the  operation  of  rotaries  and  motor  converters  on  high 
frequency  circuits,  I  lia%'e  only  this  evening  returned  from  a  most 
interesting  visit  to  the  Continent.  During  a  course  of  inspection  of 
some  of  the  targe  plants  operating  there,  I  have  come  in  contact  with 
a  good  many  engineers,  and  am  much  impressed  with  the  fact  that 
there  is  on  the  Continent,  as  in  England,  a  very  deep-rooted  objection 
to  the  use  of  rotaries  on  50-^0  circuits.  With  regard  to  the  author's 
!itatement  that  opinion  was  beginning  to  waver  in  the  face  of  facts, 
and  that  there  were  a  large  number  of  50-rvj  rotaries  being  put 
down  in  the  country,  it  will  be  interesting  Lf  he  can  give  us  a  list 
of  this  plant,  and  also  the  sisie  of  the  units.  I  think  the  1,500-k.w,  sets 
referred  to  are  at  Brighton,  and  there  the  voltage  on  the  D,C.  side 
is  low,  being  only  250,  which  makes  a  considerable  difference  in  the 
design  of  the    machine,      I   have  been   informed.    I  do    not    know 
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ir.  Pearce.  whether  correctly  or  not*  that  at  Brighton,  where  only  one  tnrbiuc 
is  run  at  Southwark  power  station,  and  one  rotary  is  run  in  the 
town,  that  at  times  of  light-load  oscillations  are  set  up  on  the  line, 
and  they  nrc  obliged  to  put  in  a  second  turbine  to  ^top  that  oscilla* 
tion*  The  author  brings  out  very  clearly  the  gcx>d  points  of  iht 
rotary  converter  and  the  motor  converter  as  against  the  re  mat  mug 
types  enumerated,  and  the  most  unbiassed  mind  cannot  fail  to  k 
struck  with  the  fact  that  the  iirst  tvvo  machines  are  bound  to  be  ihe 
machines  to  be  utilised  in  the  future* 

Taking  the  first  point  in  the  paper — the  question  of  starting— ttel 
is  no  question  that  for  rotaries  operating  at  50  r\j  there  are  reath 
only  two  practical  methods  for  starting,  viz,,  by  means  of  a  simll 
induction  motor  at  the  end  of  a  shaft,  or  starting  fronn  the  D*C,  side, 
and  the  former  is  undoubtedly  preferable*  A{  25  rsj  it  is  possible 
to  start  up  on  the  A.C  side,  and  it  is  done  invariably  in  the  case  of  ibe 
first  machine  on  the  Central  London  Railway  s^ystem,  but  it  is  DOt  easy, 
because  there  is  often  a  dif^^culty  in  getting  the  field  to  build  up  to  liie 
right  polarity^  and  a  large  amoutit  of  time  is  often  wasted  m  so  domg^ 
With  regard  to  starting  up  motor  converters,  they,  of  coorse^  can  be 
started  up  from  the  D.C.  or  the  A.C.  side,  but  the  latter  is  preferable. 
The  author  has  got  a  httle  bit  adrift  as  to  the  method  of  starting  up 
motor  converters :  it  h  only  a  small  detail,  but  I  will  say  this^  that  d 
all  the  types  of  sub-station  machinery  that  I  have  had  under  my  control, 
I  consider  there  is  nothing  so  good  as  the  motor  converter  as  regards 
the  ease  with  which  it  can  be  got  into  synchronism.  The  author  dcab 
with  the  question  of  the  tendency  for  the  rotary  converter  to  reverse 
its  polarity.  1  da  not  know  how  far  that  is  prevalent  in  ap-to-daie 
machines,  but  it  certainly  is  a  serious  nuisance  on  many  occasions  on 
the  Central  l^ndon  J^ilway  system. 

Now  wc  come  to  the  question  of  parallel  running,  and  I  am  bound 
to  state  that  the  25o-k,w*  set  referred  to  at  the  Polygon  sul>station  iun 
run  satisfactorily  in  synchronism  with  Stuart  Street  and  in  parallel  witli 
existing  sub- station  motor- generator  sets.  The  conditions,  however,  art 
very  good,  The  variation  in  the  frequency  of  the  Stuart  Street  supply  1^ 
under  1  per  cent. ;  under  the  worst  conditions  the  maximum  varbtiaa 
was  I J  per  cent.,  and  it  frequently  came  down  to  half  of  r  per  cent.  1 
do  not  think  that  is  bad  at  alL  As  regards  the  voltage,  the  average  i* 
I  per  cent,  either  way  from  the  mean-  In  all  large  central  stations 
some  engines  may  govern  better  than  others,  but  the  facts  are  as  stated- 
In  the  case  of  the  many  converter  sets  installed  on  the  Manchestcf 
system  we  have  never  experienced  the  slightest  trouble  as  r^gardi 
parallel  running. 

The  author  states  that  it  is  not  true  that  the  motor  converter  has  a 
greater  synchronising  power  than  the  rotary,  I  do  not  know  whetbcf 
that  is  so,  but  it  appears  to  me  that,  as  all  motor  converters  of  the  latent 
type  arc  wound  for  12  phases — and  I  am  not  sure  whether  that  i^  a 
standard  practice— the  synchronising  power  of  the  motor  coiivcrai^ 
must  obviously   be   greater  than    that   of    the   rotary.      The  awlh<3t 
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statemafit  is  not  correct  with  regard  to  the  parallel  running  on  tlic   Mr-Pean 

D»C,  side,  that  all  types  stand  on  the  sjime  footing.    Take  the  case  of 

the  rotary  converter,  every  flnctitation  on  the  A,C.  side  has  a  correspond- 

ing  fluctuation  on  the  D,C.  side,  but  in  the  case  of  the  motor  converter 

half  the  D»C.  energy  is  generated  energy^  and  depends,  of  course,  on 

the  periodicity, 

With  regard  to  the  question  of  the  v^ariation  of  voltage,  I  agree  with 
the  author  that,  in  cases  where  the  A.C.  supply  is  exceedingly  variable, 
it  is  preferable  even  under  those  conditions  to  employ  converter  plant, 
and  to  use  a  voltage  regulator  so  as  to  keep  the  D.C.  voltage  constant. 

The  next  point  touched  upon  is  the  question  of  hand  regulation  of 
voltage,  with  which  also  is  more  or  less  bound  up  the  question  of 
variation  in  power  factor*  The  author  mentions  four  methods  by 
which  hand  regulation  can  be  accomplished,  and  the  first  is  by  means 
of  putting  a  self*  induct  ion  into  the  transformers.  That  does  not  appear 
to  me  to  be  a  method  that  has  a  great  deal  to  commend  it,  I  think 
there  will  be  some  little  difficulty  in  calculating  the  exact  amount  of 
self-induction  that  is  required  in  the  first  place^  and  it  seems  to  me  that 
the  preferable  arrangement  w^ould  be  to  add  self-induction  by  means  of 
a  separate  coil  or  separate  chokers,  which  could  be  altered,  if  found 
necessary,  later.  On  looking  at  the  curve  in  Fig,  2  it  will  be  seen  that 
even  with  the  method  advocated  by  the  author  of  putting  self-induction 
into  the  transformers^  the  power  factor  varies  from  8  per  cent,  to  9  per 
cent,  for  a  5  per  cent,  up  and  down,  or  a  total  of  10  per  cent,  voltage 
regulation.  That  appears  to  be  too  wide  for  practical  working  con- 
ditions. The  second  method  advocated  for  hand  regulation  is  by 
means  of  an  A.C,  booster,  and  that  undoubtedly  is  a  very  pretty  and 
tjeautiful  arrangement,  but  it  adds  very  considerably  to  the  cost,  a  point 
which  was  brought  out  by  the  chairman  in  his  remarks,  and,  in  com- 
paring cost  between  machine  and  machine,  one  must  know  what  the 
accessories  are  going  to  cost.  It  is  only  right  to  state,  of  course,  that 
with  the  A,C,  booster  one  can  get  perfect  control  over  the  power  factor. 
The  third  method  mentioned  was  by  means  of  the  induction  regulator, 
and  that  is,  I  think,  open  to  the  objection  stated  in  the  papen  The 
fourth  method  is  rarely  used,  and  very  httlc  information  is  forthcoming 
upon  it,  I  have  here  some  results  of  tests  carried  out  at  the  Dickinson 
Street  sub-station  on  500-k.w.  motor-converter  plant  operated  at  full 
load*  At  4^0  volts  on  the  D.C.  side  the  power  factor  was  unity  ;  rising 
up  to  450  we  got  98  per  cent,,  leaving,  that  is,  practically  7  to  7i  per 
cent,  alteration  in  the  D.C.  voltage  with  only  2  per  cent,  variation  in 
power  factor.  That  is  exceedingly  striking,  and  brings  out  the  main 
points  of  difference  on  the  question  of  hand  regulation  between  the 
rotary  converter  and  the  motor  converter.  The  author,  I  think, 
minimises  the  question  of  power  factor,  but  it  must  be  remembered 
that,  takmg  the  Manchester  sub-stations,  they  arc  running  practically 
all  day  at  430  volts*  and  it  is  only  for  a  very  short  period  of  the  day, 
during  the  peak  of  the  load,  that  the  voltage  is  raised  Lo  450  volts ;  so 
^tbat  for  tlie  bulk  of  the  twenty-four  hours  they  are  working  on  a  poor. 


«io 


WALKER  ?   ROTARY   CONVERTERS  [ Manchei.ttf . 


Ir,  Peifce*  powef  factor,  which  becomes  unity  or  slightly  leading  for  a  very  sboit 
period  only  of  the  day.  Therefore  it  seems  to  me  that  the  method  of 
pntting  self 'in  duct  ion  into  the  transformer  is  really  not  good  enough  for 

practical  work* 

With  regard  to  the  question  of  commutation,  the  test  to  wtiidi 
the  author  refers  on  the  50-f\J  250-k.w.  rotary  converter  is  citra- 
ordinarily  good,  and  the  machitie  proved  lo  be  most  stable,  the  resile 
being  exceUent,  but  I  will  go  so  far  as  to  say  that  the  motor  converter, 
from  the  records  availablci  is  very  little  inferior  to  the  rotary  converter, 
even  on  that  point.  I  have  been  informed  quite  recently  by  tk 
resident  engineer  on  the  Great  Western  Railway  that  six  fjoo-kw, 
motor  converter  sets  installed  there  had  stood  dead  shorts  on  the  line, 
and  never  showed  the  slightest  tendency  to  flash  over,  and  as  regards 
overload,  I  can  only  say  that  those  machines  at  the  Great  Weslem 
Railway  have  carried,  I  think,  1,000  k.w;  for  one  honr  witli  perfect 
commutation  without  undue  heating.  On  the  Manchester  sets  I  hive 
run  the  500-kw.  motor  converters  arranged  with  commutating  polcs^ 
with  800  k.w.  for  a  sohd  hour,  and  the  250-k,w.  sets  with  a  load  j^ 
450  k*w.,  for  the  same  period^  without  sparking  and  undue  heating,  ^^H 
I  think  the  results  are  quite  good  enough  for  practical  working.  ^^ 

Regarding  the  risk  of  breakdown,  it  is  a  very  novel  argument  to  be 
advanced,  and  it  wotild  have  been  just  as  well  if  it  had  been  omitted 
from  the  paper,  as  it  did  not  bring  out  any  very  good  points  in  favour 
of  the  rotarj*  converter.  Moreover,  it  seems  to  me  tliat  the  paiugraph 
is  quite  misleading,  because  the  author  states  that  there  is  no  higl 
voltage  on  the  running  machine,  W*here  is  the  high  voltage  on  any 
portion  of  the  running  machine  ?  Is  it  not  just  as  safe  to  have  the 
high  voltage  on  the  stator  as  on  the  transformer  ?  What  is  the  voltage 
we  get  on  the  rotors  of  the  converters  ?  I  have  known  transformers 
give  quite  as  much,  if  not  more  trouble  than  the  slators  of  any  motor 
converters* 

We  now  come  to  the  question  of  efficiencies,  and  there  the  author 
is  quite  right  in  his  statement  that  the  rotary  converter  does  show 
a  superiority  to  any  other  type  of  converting  apparatus,  1  do  not 
think  it  is  as  much^  howevcTi  as  he  makes  out*  We  recently  invited 
tenders  in  Manchester  for  1,500  k,w.  converting  plants  and  on  the 
maker  s  own  showing  there  was  onJy  a  diffeience  at  full  load  of  li  per 
cent.  I  do  not  doubt  the  figures  put  forward  for  rotaries  are  correct 
but  I  am  quite  certain  that  the  figures  put  forward  for  the  motor  con- 
verters arc  good,  because  I  have  proved  up  to  the  hilt  that  the  figures 
obtained  on  smaller  sizes  have  been  surpassed*  I  am  of  opinion  thai 
for  all  day  in  and  out  running  there  is  not  much  more  than  1  J-  per  cent 
margin  in  favour  of  the  rotary  converter. 

With  regard  to  cost,  that  question  is  a  little  bit  outside  the  scop« 
of  the  paper,  but  I  can  only  say  that  the  logical  deductions  drawn  is 
to  the  cost  of  rotary  plants  are  not  borne  out  in  practice,  A  good  m;uiy 
conditions  govern  the  market  price,  but  as  far  as  the  buyer  is  concerned^ 
my  experience  is  not  exactly  what  has  been  forecasted* 


Mr. 

La  Cottr. 


With  regard   to  the  general  conclusions  on  the  subject^  there  is  Mr.  Pcarct 

lO  doubt  about  it  that  if  one  is  going  in  for  rotary  converter  plants 
tbc  plant  must  be  carefully  designed,  having  in  %'iew  the  conditions 
nder  which  it  is  going  to  operate,  and  most  accurately  adjusted. 
tt  IS  no  good  buying  rotaries  promiscuously,  and  putting  them  down 
any  system.  The  author  has  reefer  red  to  rotaries  running  in  the 
polygon  sub-station  ;  no  more  ideal  site  could  be  found.  The  sub- 
Station  is  situated  in  the  centre  of  the  Manchester  system,  is  heavily 
loaded,  and  the  rotary  is  set  to  run  on  a  steady  Lighting  load.  I  do  not 
ly  all  rotary  converters  are  stable,  or  all  rotary  converters  unstable, 
fcut  I  do  say  that  in  adopting  rotaries  at  50  t\j  we  shall  be  cutting 
down  to  a  pretty  fine  point  the  line  between  a  stable  and  an  unstable 
tnachine,  and  looked  at  from  that  point  of  view,  it  seems  to  me  that  we 
are  running  a  risk  of  decreasing  their  factor  of  safety, 

Mr*  La  Cour  :  I  have  been  much  interested  in  this  paper,  which 
deals  with  such  an  important  subject.  In  a  number  of  respects,  how- 
ever, my  views  differ  from  Mn  Miles  Walker's,  and  1  should  particu- 
larly like  to  define  what  1  claim  to  be  the  correct  status  of  the  motor 
converter.  As  the  5o-r\>  motor  converter  generally  consists  of  an 
induction  motor  coupled  in  cascade  with  a  25- rv  I2»phase  rotary 
iverter,  it  is  evident  that  it  closely  resembles  an  ordinary  rotary  coo- 
ler worked  in  series  with  a  stationary  transformer.  From  this  the 
tages  will  readily  be  understood  which  a  5oro  motor  converter 
over  a  25- oj  rotary  converter*  The  two  types  differ 
principally  in  three  respects :  first,  as  regards  the  revolving  mass ; 
secondly,  as  regards  the  reactance  ;  and  thirdly,  that  the  motor  con* 
verier  is  working  half  as  a  motor  generator  and  half  as  a  rotary 
converter.  The  author  claims  that  the  small  mass  and  low  reactance 
of  the  rotary  converter  is  advantageous.  I  think  the  other  way  about. 
It  has  long  been  known  that  the  5o-r\j  synchronous  motor  generator 
which  has  large  revolving  masses  and  a  fair  amount  of  reactance  is  a 
much  better  machine  than  the  rotary  for  stabihty  :  from  this  it  is 
obvious  that  the  50-00  motor  converter  must  have  an  advantage  over 
the  2$-rsj  rotary-  Let  us,  for  example,  take  the  extreme,  and  consider 
the  behaviour  of  a  2$-f\J  rotary  with  negligible  mass  and  reactance — 
that  is,  with  an  immense  synchronising  force.  Such  a  machine  would 
follow  the  engines  in  all  their  irregularities  in  speed  and  the  lights 
would  flicker*  In  my  opinion,  therefore,  the  motor  converter  stands 
at  good  advantage  in  this  respect,  since  it  possesses  a  fair  amount  of 
flywheel  effect  and  reactance  ;  the  lirst  tends  to  steady  the  system,  and 
the  second  prevents  the  motor  converter  taking  up  a  large  synchronising 
current  which  consists  of  higher  harmonics  when  running  light.  The 
revolving  held  of  the  induction  motor  also  has  the  same  effect,  so  that 
the  motor  converter  does  not  take  any  synchronising  current  at  alK 
The  ratio  between  the  flywheel  effect  and  synchronising  force  is 
naturally  made  so  that  no  mechanical  resonance  can  take  place  between 
the  converter  and  any  of  the  prime  movers  on  the  system  and  so  dis- 
turb stability*    From  experience  extending  over  many  years  it  has  been 
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proved  I  hat  macbines  with  large  synchronising  forces  and  small  fly- 
wheel effect  are  more  liable  lo  cause  hunting  than  machines  with  a  fjir 
amount  of  reactance  and  flywheel  efft;ct* 

The  reactance  voltage  of  a  transformer  designed  on  normal  lines  is 
about  3  to  4  per  cent,  of  the  working  pressure,  while  the  re;iclancc  erf 
an  ordinary  induction  motor  varies  between  15  per  cent,  aod  to  per 
cent.  It  is,  of  course,  possible  to  design  a  transformer  with  mort 
reactance  and  an  induction  motor  with  less  ;  but  a^i  the  reactance  d  a 
transformer  and  machine  of  given  proportions  increases  with  the  number 
of  turnsp  an  increase  in  reactance  means  more  copper  and  less  mm, 
and  as  it  is  well  known  that  iron  is  cheaper  than  copper,  it  h  quite 
dear  that  an  increase  in  the  reactance  over  a  certain  limit  (whicb  i* 
fairly  low  in  tlie  case  of  a  transformer)  will  increase  the  cost  erf  :ht 
apparatus. 

The  commutation,  of  a  50-^X1  motor  converter,  is  theoretically 
considered,  inferior  to  the  25 ^rv  rotary,  but  by  means  of  commo- 
tatlng  poles  it  is  possible  to  obtain  sparkless  running  with  well  mti 
too  per  cent,  overload,  which  meets  most  requirements.  As  the  o?cf- 
load  capacity  of  rotaries  is  generally  limited  by  hunting  and  not  bj 
sparking^  as  the  author  appears  to  think,  it  is  easily  seen  that 
50-r\j  motor  converter  from  the  operation  point  of  view  is  su 
the  25-no  rotary  and  far  superior  to  the  so-ryj. 

As  regards  efficiency,  the  rotary  naturally  has  a  slight  advantagt, 
which  amounts  to  ij  per  cent,  for  a  i,ooo-k.w<  set  at  lull  load.  The 
50-  and  6o'rsj  rotaries  have  many  poles^  high  peripheral  speeds  »nid 
small  distances  between  the  brush  spindles^  so  that  these  machines  ^rz 
more  liable  to  hunt  and  flash  over  than  the  motor  converters  and 
25-f\j  rotaries. 

As  regards  the  contention  that  the  motor  converter  is  a  far  more 
satisfactory  machine  on  the  higher  frequency  circuits  than  the  rotarvt 
we  have  but  to  refer  to  plants  in  operation  in  Great  Britain  and  the 
United  States,  The  Seattle  Electric  Company,  which  take  a  part  of  tbcir 
power  from  the  Snouqualmic  Falls  Power  Company,  claim  to  have  the 
largest  installation  of  rotaries  working  on  60-00  circuits  in  the  United 
States.  During  the  years  1900-1904  much  trouble  w^as  experienoed 
they  frequently  flashed  over  at  the  brushes,  and  hunting  and  flickering 
in  the  lights  was  quite  common.  Although  the  trouble  could  uo* 
entirely  be  attributed  to  the  rotaries^  they  were  undoubtedly  responsibk 
to  a  great  extent,  and  in  spite  of  the  experience  gained  d tiring  the  um 
they  have  been  working,  their  performance  still  leaves  much  to  be 
desired.  The  commutators  still  require  the  use  of  sandpaper  at  lent 
once  a  week,  and  many  attempts  have  been  made  to  obtain  a  suifciWc 
brush.  With  the  motor  converter  such  troubles  arc  praclicall?  on- 
knowm 

The  machines  of  the  motor-converter  type"  recently  supplied  [ft 
the  Great  Western  Railway  are  of  the  latest  design,  being  providt'd 
with  conimutating  poles  and  they  can  withstand  100  per  cent,  ovia-itjid 
without   signs  of  sparking.     On  one  occasion  an  iron  bar  was  Ka* 
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•dentally  dropped  across  the  connectioiis  of  one  of  the  machines 
leading  to  the  busbars,  causing  a  dead  short ;  the  machine  vibrated 
violently  but  did  not  flash  over. 

The  statement  which  the  author  makes  with  regard  to  the  Westing- 
house  Company  supplying  rotaries  which  will  stand  50  per  cent, 
overload  continuously  without  heating,  appears  to  indicate  that  there 
are  certain  features  in  the  design  of  rotaries  over  which  they  have 
no  control.  It  is  obvious  that  a  machine  cannot  do  this  without 
abnormal  amount  of  material,  which  the  customer  pays  for.  The 
iqiiestion  of  initial  outlay^  however^  the  author  wisely  considers  outside 
the  sphere  of  the  paper. 

The  remaining  points  which  are  raised  against  the  motor  con- 
■iferter  I  tbink  quite  unnecessary  to  consider,  as  the  various  statements 
which  have  from  time  to  time  appeared  in  favour  of  these  machines 
have  been  amply  borne  out  in  practice. 

In  conclusion,  I  feel  convinced  that  the  motor-converter  plant  has 
distinct  advantages  over  the  other  forms,  especially  on  the  higher 
frequency  circuits,  and  that  a  50-rsj  motor  converter  can  meet  all 
ordinary  requirements  and  at  the  same  time  prove  a  much  better 
al Ground  article  than  any  rotary  or  other  machine  on  the  market, 

Mr.  J,  H.  BowDEN  :  In  calUng  for  tenders  for  motor  generators  at 
Poplar  we  asked  the  contractors  to  put  forward  alternative  suggestions, 
and  orders  were  placed  with  Messrs.  Bruce  Peebles  for  motor  con- 
verters on  account  of  the  low  cost  and  the  great  simplicity  of  their 
proposal  With  regard  to  reversal  of  polarity,  a  small  exciter  is 
suggested  in  the  paper  ;  this  is  a  compiication.  There  is  no  tendency 
in  a  motor  converter  to  reverse*  I  do  not  agree  with  the  author  that  a 
rotary  is  easier  to  synchronise  than  a  motor  converter.  The  needle 
seems  to  stop  longer  in  the  position  denoting  synchronism  starting 
from  the  D.C.  side^  and  other  complications  are  not  advisable  if 
avoidable.  The  induction  regulator,  for  instance,  requires  an  air-blast 
and  other  accessories.  The  author  speaks  of  50  per  cent*  overload  for 
an  hour  or  two.  If  this  is  the  case  and  the  efiftciency  does  not  drop 
with  the  overload,  why  do  they  not  rate  these  machines  higher  ?  With 
regard  to  the  question  of  attention,  the  Poplar  motor  converters  are 
only  shut  down  for  three  hours  per  week,  and  one  can  hardly  demand 
less  attention  than  that. 

Mr.  J.  S.  Peck  :  1  have  been  told  frequently  that  there  exists  a  strong  Mn  Feck, 
prejudice  in  Great  Britain  against  the  rotary  converter,  but  1  have 
never  fully  appreciated  it  before.  It  has  been  stated  by  a  preceding 
speaker  that  transformers  cannot  be  made  with  very  high  reactance. 
This  is  not  correct,  as  transformers  can  be  built  for  any  reactance 
desired.  Ordinarilj^  very  considerable  trouble  is  taken  in  order  to 
keep  the  reactance  low.  If  a  transformer  is  desired  with  a  high 
reactance  it  will,  in  general,  be  cheaper  than  one  with  a  low  reactance. 
The  objection  to  high  reactance  in  transformers  or  other  apparatus  is 
that  it  impairs  the  regulation.  Transformers  have  been  built  with  so 
high  a  reactance  that  they  will  stand  a  short  circuit  without  taking 


444 


WALKER  t  ROTARY  CONVERTERS  [M^wicl 


^ 


Ip/u,  Peck       more  than  full  load  current,   A  motor  converter  may  be  short-circiiited 

without  damage  provided  there  is  suflficient  reactance  in  series  with  tl 
to  keep  down  the  current  to  a  low  %^alue*  The  same  can  be  said  of  any 
other  type  of  alternating'Currcnt  machinery, 

A  question  has  been  asked  regarding  the  possibility  of  operating 
rotaries  in  parallel  from  the  saitie  transformers.  In  general  it  is  ehH 
advisable  to  operate  rotaries  in  parallel  from  the  same  A.C.  busbar?, 
If,  however^  the  transformers  are  provided  with  separate  secondaries^ 
one  for  each  rotary,  as  many  rotaries  as  desired  may  be  operated  from 
the  same  bank  of  transformers. 

I  think  the  whole  question  amounts  to  this :  Can  the  50-fV 
rotary  converter  be  made  to  operate  with  perfect  satisfaction  ?  The 
best  answer  to  this  question  is  that  there  arc  thousands  of  kilow^tboi 
50-,  60-,  and  even  66-00  rotanes  in  highly  successful  operation  tn 
Canada^  in  Mexico,  and  in  the  United  States,  and  during  the  past  year 
a  large  number  of  50- fv  rotaries  have  been  installed  in  Greai 
Britain.  Troubles  have,  however,  been  experienced  w^ith  rotary  con- 
verters for  both  loiv  and  high  frequency  work.  Some  trouble  was 
experienced  with  the  rotaries  on  the  Underground  Railway  in  LondoUt 
due  to  the  fact  that  they  Bashed  over  when  violent  short  circuit* 
occurred  on  the  D,C*  side.  It  was  founds  how^everj  that  the  rotarvc^ 
would  stand  enormous  overload  without  flashings  and  that  I  hey  Bashed 
only  w^hen  a  short  circuit  occyrred  just  outside  the  sub*station^a  coih 
dition  under  which  any  we  11- designed  machine  would  faiL 

Recently  a  case  has  been  brought  to  my  attention  where  a  rotarf 
flashed  ovet\  On  investigating  the  conditions  I  found  that  this 
occurred  only  when  150  per  cent,  to  175  per  cent,  overioad  virm 
suddenly  thrown  ofi  the  machine.  I  as^kcd  what  a  DX,  generator 
would  do  under  similar  conditions.  The  reply  was  that  a  D,C.  gencr* 
ator  would  probably  Hash  over  before  they  could  get  any  such  over- 
load upon  it,  but  that  a  rotary  was  expected  to  give  very  mucb  heavier 
overloads  than  a  D.C  generator. 

A  few  days  ago  I  visited  a  station  where  several  motor  converters 
were  installed.  Two  of  the  machines  were  operating  at  half  load 
without  sparking.  When  the  load  on  one  machine  was  reduced  from 
i  to  J  load,  the  brushes  sparked  violently  and  had  to  be  shifted. 
The  remainder  of  the  load  was  thrown  off,  the  brushes  sparked  again, 
and  had  to  be  readjusted.  Thus,  in  going  from  half  load  to  no  Imd, 
two  adjustments  of  the  brushes  were  required >  yet  these  machines  li#id 
been  pronounced  eminently  satisfactory.  I  think  that  if  a  rotary  con- 
verter had  been  installed  in  which  two  adjustments  of  the  brushes 
were  required  in  going  from  half  load  to  full  load,  it  would  deser^^e  to 
be  called  a  miserable  failurcj  yet  the  motor  converter  is  said  to  be 
entirely  satisfactory.  The  motor  converter  was  invented  in  1899  hf 
Maurice  Leblanc.  About  two  years  later  it  was  invented  indepeod- 
ently  by  B.  G.  Lamme. 
if.Comp.  Mr*  W.  Crami-  :   Although  I  should  like  to  give  help  to  the  *ld« 

of  the  author  and  the  rotary  converter,  I  must  confess  myself  iinahle  to 
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much  in  that  directioti.  He  admits  that  the  real  machmc  that  Mr.  Cramp. 
ceutral  station  engineers  want  is  one  which  will  transform  high  tension 
alternating  current  to  low  tension  or  600- volt  direct  current,  and  allow  of 
voJtage  regulation ;  and  while  starting  from  that  point  of  view^  which 
ts  perfectly  fair^  he  proceeds  to  compare  the  simple  rotary  converter 
with  the  motor  converter,  the  motor  generator  beini^  admittedly  out  of 
the  question  at  the  present  moment.  He  mentions  the  need  of  trans- 
iormers  under  certain  circumstances  where  the  advantages  of  tratis- 
formcrs  come  in,  but  when  it  comes  to  the  question  of  tioor  space,  and 
to  one  or  two  other  items  in  the  table  given  at  the  beginning  of 
the  paper,  as,  for  instance,  regulation!  power  factor,  attention,  cost, 
and  so  on,  there  the  necessity  for  transformers  apparently  drop^  out. 
There  is  one  question  that  has  not  been  touched  upon  as  yet,  and  that 
b  the  extra  complication  of  the  switchgear.  It  seems  to  me  that  if  we 
compare  the  switchgcar  required  for  the  motor  converter  as  against 
that  required  for  the  rotary  convurter.  there  alone  is  a  very  great 
advantage  on  the  side  of  the  motor  converter.  The  switchgear  for  the 
latter  is  much  more  siinplej  and  as  far  as  the  risk  of  breakdown  is  con- 
cerned the  risk  is  certainly  greater  in  my  estimation  in  the  rotaryycon- 
vcrter  system  with  its  switchge;ir  than  it  would  be  in  the  motor- 
converter  system,  and  certainly  the  connections  are  more  complicated 
in  the  former  case.  But  apart  from  those  considerations,  a  case  which 
has  been  forgotten  is  the  central  station  in  which  voltage  regulation  is 
not  of  such  very  great  importance,  and  particularly  a  low  frequency 
central  station.  There  it  seems  to  mc  the  rotary  converter  might  well 
hold  its  own  against  the  motor  converter.  One  might  say,  indeed,  that 
the  true  comparison  really  existed,  not  as  the  author  had  drawn  it, 
between  the  rotary  converter  and  the  motor  converter,  bttt  between 
the  rotary  converter  and  its  accessories,  and  the  motor  converter  and 
its  accessori'js ;  so  that  where  there  is  a  traction  system  alone  and 
voltage  variation  does  not  very  much  matter,  there  the  rotary  converter 
wilt  be  adopted  ;  while  for  anything  in  the  way  of  a  lighting  system,  or 
combined  lighting  and  traction  system,  the  motor  converter  has  the 
Bcld,  and  will  keep  it. 

Mr<  H*  M.  I50UTHGATE  :  There  seems  to  be  an  idea  that  the  author 
has  touched  lightly  on  question  of  cost  because  it  is  unfavourable 
lo  the  rotary.  Prices  to-day  are  determined  very  largely  upon 
competition  rather  than  upon  the  actual  cost  of  manufacture.  Price 
in  most  cases  is  the  determining  factor  in  award  of  contracts.  I  do 
not  think  there  is  any  doubt  but  that  the  same  firm  making  both 
rotary  converters  and  motor  converters  will  find  the  actual  cost  to  be 
lower  for  the  rotary  complete  with  stators,  oil,  starting  motor,  and  even 
A.C.  booster  if  necessary.  Practically  the  same  switchgear  would 
be  required  in  each  case,  as  there  is  no  need  of  apparatus  in  the  static 
transformer  secondaries  with  the  exception  possibly  of  isolating 
switches,  which  would  cost  but  little. 

There  are  two  schools  in  the  United  States  regarding  high 
periodicity  rotaries.     The  lagk  of  success  of  the  General   Electric 
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Company  with  6o-rvj  rotaries  was  such  that  tbey  at  an  early  dalt 
took  the  titand  for  motor  generators  for  higher  period  icstv  wort, 
The  Westinghouse  was  so  satisfied  with  the  high  periodicity  machtnrs 
that  in  determining  the  periodicity  for  a  30-mile  iiiter>urban  system 
60  f\j  was  put  in  rather  than  wait  a  few  weeks  for  2$-fK)  apparatus 
That  %vas  ten  years  ago* 

Mr,  T.  H.  ScHOEpr  ;  In  iSSlj  and  1900  I  was  respoiiMbli;  for  fow 
tramway  sub-stations  equipped  with  rotary  converters  operating  m 
the  supply  system  of  60  r^j ,  and  the  operation,  in  every  parlicttlaf, 
of  these  machines  ^ave  entire  satisfaction  for  the  two  years  !  wss 
with  the  tramway.  One  of  I  he  sub- stations  was  equipped  with  sii 
300-k.w.  rotary  converters  with  starting  motor,  the  switchboard  eom- 
prising  six  A.C*  panels,  six  DX.  panels^  ajid  five  feeder  pand?. 
One  day,  I  undertook  to  start  ail  six  machines  and  switch  on 
the  five  feeders  within  ten  minute:^  from  the  time  of  entering  the 
building.  This  was  actually  accomplished  within  94  minutes^,  and  1 
do  not  think  equally  good  results  could  be  obtained  with  motor 
converters.  I  know  of  only  one  instance  in  two  years  in  which  a 
rotary  had  '*  flashed  over  '*  or  **  bucked;*  and  that  one  was  due  to  iti 
inexperienced  attendant  leaving  the  brushes  out  of  the  neutral  position 
after  cleaning  the  machines. 

Upon  an  inter-urban  railway,  the  Union  Traction  Company  of 
Indiana,  a  test  was  made  to  determine  the  length  of  time  a  rolaiv 
converter  could  be  operated  continuously  without  shutting  down. 
After  three  months' satisfactory  operation  the  machine  was  shutdown 
to  renew  the  carbons  on  the  D-C*  side. 

Concerning  the  admitted  difference  of  efficiency  in  favour  of  tk 
rotary  converter  as  compared  with  the  motor  con%*ertcr,  suppose 
we  assume  a  i,ooo-k.\v*  set  with  average  all -day  load  of  60a  k.w.  add 
a  difference  of  eflkiency  of  r  per  cent.,  which,  with  power  at  Jd*  per 
unit,  results  in  an  annual  saving  of  £^109.  This  capitalised  at  5  per  cent, 
is  £2,000,  which  m;iy  be  expended  in  rotary  converters  to  place  tbera 
on  the  same  basis  with  motor  converters  as  regards  tirst  C0:4t, 

Mr.  F.  H.  Whvsall  :  On  the  question  of  starting  up,  we  have 
installed  at  Dickinson  Street  station  four  motor  converters,  and  1  Bad 
that  the  average  time  taken  to  start  up  is  two  minutes  for  everything 
for  each  motor  converter.  We  can  do  it  in  less  ;  the  entire  operatioD 
has  been  done  in  one  mimtte  twenty  seconds.  I  think  that  is  vm 
good,  and  better  than  Mr.  Schoepf  s  record,  Personally,  I  should  hr 
very  glad  indeed  to  have  some  experience  of  the  au thorns  boc^sler 
regulated  sets.  I  really  believe  that  they  will  work  satisfactorily* 
and  in  comparison  with  other  types  that  have  been  mentioned,  ihcy 
would  stand  a  very  good  chance,  I  think  the  question  of  first  oytffV 
is  a  most  important  one  in  connection  with  this  matter.  The  boostrr 
regulators  and  other  accessories  seem  to  cost  money,  and  that  t§ 
a  point  that  influences  engineers  in  purchasing  converting  machinery. 

Mr.  M.  11  FiKLu  {tommnnkakif) :  There  are  few  men  hcucf 
qu;ihticd  ihaji   the  author  of  this  paper  to  discuss  the  vital  i>oiJitj 
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of  the  design  of  rotary  converters  and  motor  generators,  and  it  was 
with  a  feeling  of  much  regret  that  I  found  all  "  Slate  secrets"  zealously 
guarded  and  excluded.  The  author  merely  deals  with  the  pros  and 
c:ons  of  the  subject  from  the  users  point  of  view,  with,  I  presume 
the  twofold  object  of  eliciting  a  beneficial  discussion  and  dispelling 
the  strong  prejudice  which  he  alleges  exists  against  rotary  converters. 
I  quite  agree  with  the  author  as  to  the  existence  of  this  prejudice^ 
ibut  [  tliink  the  performance  of  the  early  rotarics,  as  supplied,  is  solely 
blame  therefor.  The  author  appears  to  me  to  characterise  all 
ucb  rotarics  of  doubtful  behaviour  as  antiquated,  and  if  this  contention 
c  upheld^  station  engineers  must  bear  in  mind  that  rotaries  have  in 
le  past  become  antiquated  while  3^et  in  the  prime  of  life,  and  a  due 
lowance  should  be  made  in  the  assessment  of  their  plant- value  for 
such  antiquatjon.  The  discussion  of  the  relative  merits  of  these  two 
cJasses  of  converters  will  never,  I  suppose,  cease,  there  wilt  always  be 
Idvocates  for  each  system,  and  to  my  mind  it  amounts  to  six  of  oni: 
tod  half  a  dozen  of  the  other. 

It  appears  to  me  that  the  only  case  the  author  has  made  out 
for  the  rotary  is  higher  efficiency  and  greater  momentary  overload 
capacity.  My  experience  of  rotaries»  supplied  not  many  years  ago, 
has  been  that  the  high  efliciencies  claimed  by  the  makers  are  not 
realised  in  practice— but  perhaps  the  machines  are  now  antiquated. 
jIU  regards  overload  capacity,  it  must  be  remembered  that  with  the 
idvance  in  the  design  of  rotaries,  corresponding  advances  have  been 
tnade  in  other  commutating  machines,  so  much  so  that  a  good  D.C, 
generator  running  at  high  speed  and  provided  with  inter-poles  will, 
I  ani  told,  beliave  satisfactorily  with  momentary  overloads  up  to 
twice  full  load,  Siniilaiiy,  the  motor  portion  may  tx;  very  consider- 
ably  overloaded  for  short  periods^  so  that  although  the  rotary  will 
'certainly  have  some  advantage,  I  do  not  think  it  is  necessarily  a 
great  one* 

^  With  regard  to  floor  space,  I  think  it  is  not  fair  to  reckon  on  putting 
;lransformcrs  in  a  basement  or  top  storey.  If  the  transformers  are 
lOil  cooled  they  should  be  grouped  in  brick  cells  with  means  for 
ventilation,  which  can  be  cut  off  in  the  case  one  takes  fire.  If  air- 
blast  transformers  are  used,  the  usual  paraphernalia  of  air- flues,  blower, 
dampers,  etc.,  arc  again  necessary.  All  this  should  be  taken  into 
account  when  considering  cost  and  floor  space.  When  we  remember 
that  the  adjuncts  of  the  rotary  are  sucli  details  as  trunsforniers  with 
Ihcir  low-tcnsiou  cables,  and  sometimes  low-tension  switchgear,  starting 
motor,  A.C.  booster  or  induction  regulator,  exciter,  and  so  on,  it  does 
dot  appear  that  the  adoption  of  rotaries  conduces  to  simplicity. 

One  objection  to  rotaries  that  I  have  frequently  met  with  is  the 
tendency  to  reverse  their  polarity  if  the  voltage  of  the  generating 
lyslem  is  momentarily  lowered,  I  have  known  fairly  frequent  cases 
tehere,  say,  half  of  the  total  number  of  rotaries  working  on  the  same 
tysteni  have  had  their  polarity  reversed  bv  some  unusual  disturbance  at 
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it  mildlyi  aad  I  would  like  to  a^k  the  author  if  tins  again  is  confioed  to 
antiquated  macbiocs. 

I  truiit  I  may  be  excused  if  I  refer  to  another  point  to  which  I  bavc 
already  calied  attention  in  my  recent  paper  on  ''  Idle  Currents."  I 
refer  to  tbe  special  losses  in  the  armature  conductors,  if  solid,  ownig 
to  the  non-uniform  current  dihtribution.  This  must,  I  think,  occur  in 
rotary  converters  to  a  more  pronounced  extent  than  in  any  other  type 
of  machinCi  owing  to  the  peculiar  shape  of  the  resultant  currBol 
flowing  in  the  armature  bars,  i>.,  the  current  which  results  from  the 
A.C*  input  and  the  DX\  output*  This  is  a  very  irregular  current, 
consisting  of  corners  and  odd  bits  where  the  A,C.  and  DX,  currents 
do  not  quite  fit  into  one  another,  with  the  result  lliat  the  elfedjvt 
current  consists  of  a  number  of  high  frequency  terms  which  aic 
particularly  active  in  increasing  the  armature  losses. 

In  the  case  of  large  systems,  the  variations  of  frequency  in  tht 
generating  station  are  not  so  likely  to  occur  as  variations  in  the  AC. 
voltage.  With  motor  generators,  the  voltage  on  the  D,C.  side  will  he 
unaffected  by  variations  of  voltage  on  the  A.C.  side  ;  whereas  in  the 
case  of  the  rotary  converter  the  reverse  is  the  case.  This  point  has 
certainly  been  mentioned  by  the  author,  but  1  do  not  think  sufficiaU 
emphasis  has  been  laid  upon  it^  and  in  large  systems  supply lag 
railways  and  other  work  liable  to  very  heavy  overloads  and  supplviBg 
a  considerable  amount  of  lighting  at  the  same  time,  the  matter  is  likely 
to  be  an  important  one. 

In  designing  any  com  mutating  machine,  it  is  always  a  matter  d 
great  inconvenience  to  be  tied  down  to  some  particular  nnmber  d 
poles.  This  is  the  case  in  the  rotary  converter  where  given  speed 
limits  cannot  be  exceeded.  On  the  other  hand,  wtiere  floor  spact  is 
very  much  restricted,  motor  generators  may  be  built  of  the  turbine  type , 
for  instance,  an  850'k.\v,  set,  50  rsj,  may  run  at  1,500  revoiutjons< 
per  minutCj  and  a  i,500-k,vv.  set  at  1,000  revolutions  per  minute*  Such 
flexibility  is,  of  course,  quite  out  of  the  question  when  dealing  with 
rotary  converters. 

Mr,  M.  Walkei?  (in  reply) :  The  opponents  of  the  rotary  converter 
have  harped  upon  the  compliciLlions  of  the  booster,  induction  regulakH-. 
and  the  various  other  contrivances  which  might  be  added  to  a  roury. 
One  would  think  after  hearing  the  discussion  that  these  things  were  al/ 
necessary,  and  constituted  the  main  drawback.   As  a  matter  of  faa,  thev 
are  not  necessai*y  at  all.    The  main  method  of  obtaining  the  voltagf 
adjustment  advocated  in  the  paper  requires  none  of  these  things.    Wc 
want  only  transformers  with  a  high  inductive  drop — that  is,  cheap,  well* 
insulated  transformers  and  a  rotary  converter.    This  arrangement  i» 
giving  complete  siilisfaction  in  hundreds  of  cases.     The  power  facior  i.^ 
sufficiently  near  unity  under  ail  practical  conditions.     It  is  only  uto 
the  operator  wishes  to  iiave  complete  control  over  liis  power  facitrr 
or   wishes  for  an  exceptionally  great  range  of  adjustment,  thai  wt 
advocate  the  use  of  the  booster.    The  same  thing  would  be  iicccisiiy 
under  the  same  conditions  with  a  motor  converter,     Mr.  Pcarcc  \M 
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us  of  a  c;ise  in  wbich  the  power  factor  was  kept  within  2  per  cent. 
This  can  be  done  with  a  rotary  converter  by  simply  increasing  the 
reactance  in  the  transformer.  The  operation  of  the  rotary  and  trans- 
formers is  just  the  same  in  this  respect  as  the  operation  of  the  motor 
converter.  Both  obtain  voltage  variatioii  by  drawing  a  leading  currtnt 
through  a  machine  containing  reactance  ;  the  higher  the  reactanec 
the  less  the  current  tends  when  the  voltage  is  raised.  The  curve 
in  Fig.  2,  which  I  consider  a  good  one  for  all  pr;ictical  purposes, 
k  obtained  with  only  i^  per  cent,  reactance.  If  we  care  to  increase 
the  reactancCi  as  is  done  in  motor  converters,  and  thereby  decrease 
the  synchronising  power,  we  can  obtain  just  as  good  a  curve  on 
a  rotary  as  on  any  motor  converter.  The  advantage  of  a  rotary  is 
that  we  can  make  the  reactive  drop  as  tittle  as  we  like.  This  can  only 
tw  done  on  the  motor  converter  by  enormously  increasing  its  cost. 

Another  objection  which  has  been  raised  against  50-rv  rotaries  is 
the  great  number  of  brush  arms.  This  is  not  an  objection  at  all  unless 
it  can  be  shown  that  the  distance  between  the  brush  arms  is  too  short. 
There  is  no  difftciilty  in  making  the  distance  9^  ins.,  which  is  quite 
sufficient  for  all  practical  purposes*  T'he  question  is  :  Will  a  station 
engineer  prefer  a  machine  with  only  gi  ins.  betw^een  the  brushes* — 
which  works  perfectly  satisfactorily  iu  every  way  and  saves  2  per  cent, 
of  power,  amounting  to  £350  per  year  on  a  i,50o-k*w,  machine— or  will 
he  prefer  a  machine  with  12  ins.  between  the  brushes — which  does  not 
operate  any  better  and  wastes  £3S^  P^^  y*^^^  ^  ^^  the  additional  2^  ins. 
worth  the  expense  ?  The  number  of  brush  Urxn^  on  a  rotary  is,  from  one 
point  of  view,  a  good  feature.  It  enables  the  current  per  brush  arm  to 
be  kept  within  ^mall  limits.  Any  one  having  experience  with  corn- 
mutating  machines  knows  that  it  is  not  a  good  plan  to  have  too  great  a 
current  per  brush  arm,  A  r,5oo-k.w*  500- volt  motor  converter  with 
8  poles,  when  working  on  50  per  cent,  overload,  has  1,125  amperes  per 
brush  arm.  A  1,500-k.w*  500- vol  I  rotary  working  under  the  same  con- 
ditions has  only  450  amperes  per  hrui^h  arm.  It  is  well  known  that 
under  practical  working  conditions  the  current  is  not  always  equally 
divided  between  the  brush  arms,  and  some  of  the  bru>hes  gel  into  bad 
condition.  Experience  has  shown  that  the  only  way  to  get  good  results 
is  to  keep  the  current  per  brush  arm  and  the  current  density  in  the 
brushes  fairly  low,  so  that  if  a  brush  arm  is  called  on  to  yield  double 
its  normal  current,  it  can  do  so  without  undue  heating.  It  is  possible 
by  using  a  special  grade  of  brush  to  work  at  current  densities  as  high  as 
TOO  amperes  per  square  inch,  but  if  I  were  a  central  station  engineer 
with  any  commulatiug  machines  under  my  charge^  1  should  prefer  to 
work  with  35  amperes  per  square  inch  normally. 

Some  speakers  liave  thought  that  a  motor  converter  has  an  advantage 
over  a  rotary  in  steadiness  of  D.U  voltage  with  varying  A.C.  voltage, 
owing  to  the  fact  thai  it  is  half  a  D.C*  generator.  Mr*  La  Cour,  how- 
ever, did  not  raise  this  point  ;  he  knows  more  about  it. 

Mr.  Fearce  considers  that  there  is  no  more  risk  in  having  a  high 
%'oltage  on  the  armature  of  an  induction  motor  than  having  high  voltage 
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|Slr.WajJcer.  ^^  ll^^^  transformers,  I  should  like  to  refer  him  to  Mr.  Bowden,  of 
Poplar^  who  has  had  some  rather  unpleasant  experiences  with  Uigli 
voltage  on  motor  converters.  It  is  impossible  to  obtuiti  the  same 
factor  of  safely  of  hisulation  at  a  reasonable  cost  on  an  armature  ^s  oo  » 
transformer.  Moreover^  it  should  be  remembered  I  hat  if  the  armaltif< 
burns  out,  the  whole  machine  is  shut  down  for  a  long  time  whiJc  itii 
being  rewound^  wherea>  with  a  transformer  it  is  simply  a  matter  of 
substituting  a  spare. 

Mr.  La  Cour  s  argumL-nt  in  favour  of  a  large  mass  in  the  rotaiinjc 
part  will  hardly  bear  investigation.  He  admits  that  a  rotary  with  i 
small  mas2k  can  more  easily  follow  the  Buctuations  in  frequencVt  ^^^  ^^ 
that  respect  it  is  less  likely  to  go  out  of  synchronism,  His  conientioii 
is  that  the  high  moment  of  inertia  in  the  rotating  part  of  a  motor  con- 
verter  prevents  the  D.C.  voltage  being  affected  by  fluctuations  in  the 
frequency  of  the  A.C.  supply*  Now  it  is  clear  that  as  the  machine  runs* 
synchronously  it  is  not  possible  to  have  a  displacement  of  more  than  a 
fraction  of  a  pole  pitch  from  ihe  true  synchronous  position.  In  one  or 
two  seconds  after  any  change  ha^  occurred  in  the  frequency,  the  speed 
of  the  machine  must  correspond  with  the  new  frequency,  or  the 
machine  will  have  lost  more  than  a  pole  pitch, 

One  hears  many  stories  about  commutating  machines  standing 
short  circuits.  My  experience  is  that  no  good  500-volt  coiinnutaiiug 
machine  will  stand  a  real  short  circuit.  If  a  machine  is  designed  to 
stand  up  to  its  voltage  on  heavy  loads^  the  current  rises  to  thousand;* 
of  amperes  at  the  moment  of  short  circuit.  This  causes  an  explosion 
under  the  brushes  which  develops  into  an  arc  between  the  hrush 
holders.  If  this  arc  does  not  immediately  clear  itself  the  circuit 
breakers  come  out  and  the  machine  shuts  down.  All  comTOutaung 
machines  are  the  same  in  this  respect.  Of  course  it  is  possible  by 
putting  in  a  very  high  reactance  on  the  A*C*  side  to  limit  the  voltage  on 
heavy  loads  so  that  this  danger  from  flashing  over  is  reduced.  This 
can  be  done  with  the  rotary  converter  as  easily  as  with  any  other  cImsa 
of  apparatus.  It  is  only  a  question  of  policy,  as  to  whether  a  machtoe 
is  to  be  designed  for  the  best  running  conditions,  or  designed  to  tak« 
short  circuits-  The  instance  cited  by  Mr.  La  Cour  of  the  motor  con- 
verter running  from  D.C*  to  A,C.  and  turning  round  the  steam  turbinw 
is  in  no  way  remarkable,  the  same  thing  would  have  happened  li 
rotary  converters  had  been  running  instead  of  motor  converters. 

The  question  has  been  asked  as  to  the  eflicicncy  on  overload.  I  najf 
say  that  all  the  50- rv  rotary  converters  with  which  I  have  had  W 
deal  had  a  steadily  increasing  efficiency  up  to  75  per  cent,  ovcrloa^J- 
It  was  asked  further  why  these  rotaries  arc  not  rated  up.  The  raaacw 
is  that  the  policy  of  the  British  Westinghouse  Co.  has  always  been  t& 
give  a  rotar)'  converter  of  very  ample  design,  so  that  notwithstana»o| 
iirduous  conditions  of  service,  it  will  stand  up  and  give  satisfaction 
One  of  their  standard  joo-k^w*  rotary  converters  will  yield  450  k.». 
continuously  with  not  more  than  40"  C*  rise  with  an  eiticiency  of  ^ 
per  cent*    The  only  reason  why  this  machine  is  not  sold  for  a  450-k.W' 
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rotary  is  that  the  British  Westinghouse  Company  prefer  lo  give  the  user   Mr  Walker.^ 
a  bigger  machine  with  more   poles  and  less  current  per  brush  arm, 
because  they  know  that  in  the  long  run  he  will  be  better  satisfied  with 
it  when  he  puts  on  overloads  beyond  the  450  k.w» 

It  has  been  said  that  the  switchgear  for  a  rotary  converter  is  more 
compLicated  and  more  expensive  than  for  a  motor-con  verier  sset.  This 
t^  not  so.  All  that  is  required  for  a  rotary  is  high»tcnsioii  switchgear 
and  direct -current  switchgear  of  exactly  the  same  type  as  used  for 
motor  generators.  It  is  true  that  in  some  cases  users  prefer  to  have 
switches  between  the  transformers  and  the  rotary.  This  is  a  mutter  of 
taste,  Where  it  is  required  it  is  an  additional  advantage  in  favour  of 
the  rotary,  because  it  would  be  impossible  in  a  motor  generator. 
With  regard  to  the  floor  space,  the  figures  given  in  the  table  are 
based  on  the  floor  space  occupied  by  a  5oO'k»w*  motor  converter  and  a 
500- k.w.  rotary. 

Mr.  Field  points  out  that  it  is  always  a  matter  of  great  inconvenience 
to  be  tied  down  to  some  particular  number  of  poles.  The  rotarv 
converter  ^ives  us  a  w^^ider  choice  in  the  number  of  poles  that  may  be 
employed  than  any  other  type  of  direct- current  machine.  For  instancc\ 
a  i,5oo»k.w,  50- rv}  roLiry  may  economically  have  any  even  number 
of  poles  from  4  to  30.  If  the  voltage  is  very  low,  a  large  number  of 
poles  can  be  chosen  so  as  to  keep  down  the  amperes  per  brush  arm  ;  if, 
on  the  other  hand,  the  voltage  is  high,  a  smaller  number  of  poles  is 
advantageous.  I  have  before  me  a  drawing  of  a  i|5oo*k.w.  5o-f\J 
rotary  converter  with  4  pole^ ;  the  floor  space  of  this  machine  is  less 
than  half  that  of  a  motor  converter^  and  the  calculated  cfiiciency  is 
about  98  per  cent. 

To  sum  up,  it  has  been  athnitted  even  by  the  greatest  supporters  of 
motor  converters  that  the  rotary  is  a  pretty  good  machine,  and  I  think 
that  the  evidence  goes  further  than  this,  and  we  can  say  that  the 
S^fSJ  rotary  converter  is  a  very  stable  machine  of  great  over- 
load capacity^  with  small  risk  of  breakdown  ;  that  it  can  do  everything 
that  a  motor  converter  can  do  under  the  same  eondidons,  and  it  is 
admittedly  at  least  li  per  cent,  more  efficient. 

Oo  the  motioii  of  the  Chairman  a  unanimous  vote  of  thanks  was 
accorded  to  the  author  for  his  interesting  paper. 
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Proceedings  of  the  Four  Hundred  and  Plfty-Second 
Ordinary  General  Meeting  of  the  Institution  of 
Electrical  Engineers,  held  in  the  Rooms  of  the 
Institution  of  Civil  Engineers,  Great  George 
Street^  Westminster,  on  Thursday  evening, 
February  21,  1907— Dr.  R.  T.  GLAZKBROOiCj 
F.R.S-,   President,  in  the  chain 

The  minutes  of  Uie  Ordinary  General  Meeting  held  on  February  7, 
1907,  were  taken  as  read  and  conlirmed, 

Messrs.  A*  F.  T.  Atchison  and  R.  E.  Shawcross  were  appointed 
scrutineers  of  the  ballot  for  the  election  of  new  members,  and,  at 
the  end  of  the  meeting,  the  following  were  declared  to  have  been 
duly  elected  : — 

ELECTIONS. 


Robert  Beattie,  D.Sc. 


i 


As  Mttnbers, 

I       Arthur  Warren  K*  Peirce. 
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Robert  Strut  hers  Begg. 
Frank  Birch. 
James  Archer  Birch. 
Edwin  Guthrie  Bowcr^n, 
James  Bowman. 
Samuel  Anthony  Brooks. 
James  West  hall  Brown. 
William  Richard  BuUrmore. 
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Herbert  Stirling  Carnegie. 
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Stephen  Hayter  Chase. 
Alfred  Lewis  Cooke* 
Basil  Norbert  Dolan. 
John  Leonard  Eve* 
Richard  Francie?=, 
Arthur  Carr  Hall, 
Charies  W.  Hirst, 
Percival  Holliday. 
Harold  Kingsbury, 


Charles  Lawsoa  Laing. 
Francis  Arthur  Lawson. 
Guy  Ynyr  Llewelyn  Lloyd. 
Arthur  Lock  wood. 
James  McClnney. 
Harry  Camden  MacEwan. 
Charles  Marshall 
Edward  Montague  Marvin. 
Ernest  Morgan* 
Norman  Herbert  Morris. 
Joseph  T,  G.  Philips. 
Myles  Herbert  Rotfey, 
Arthur  Ross-Jones. 
Reginald  J*  Spencer-Phillips. 
Frederick  Ernest  Squire. 
William  R,  Steele. 
James  Gibb  Stewart. 
Edwyn  James  Stiell, 
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Alexander  Thomson. 
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Donations  to  the  Library  were  aimounccd  as  having  been  rcccivird 
since  the  last  meeting  from  Messrs.  L*  Amaduzd,  The  Colliery  Guardian 
Co*,  Ltd.,  A.  Righi,  E.  and  F.  N.  Spon,  Ltd*  \  to  the  Build  ingFumt  from 
H.  E.  Harrison  :  and  to  the  Benevolent  Fund  from  G.  B*  Byiig»  M*  B. 
Byng,  H.  E.  Harrison,  H,  Hirst,  J*  P.  Lawrence,  A.  W^  Manton,  G* 
Marconi,  T*  H.  Minshall,  J.  B*  Smith,  W*  C.  P.  Tapper,  to  whom  the 
thanks  Of  the  meeting  were  duly  accorded* 

The  President  :  The  next  matter  I  have  to  bring  to  your  notice  is 
an  announcement  which  it  gives  me  great  pleasure  to  make,  and  I  have 
no  doubt  it  will  give  equal  pleasure  to  all  the  members  of  the  Institu- 
tion to  hear  :  Lord  Kelvin  has  accepted  the  invitation  of  the  Council  lo 
be  nominated  as  President  of  the  Institution  for  the  ensuing  year.  U 
will  be  the  third  time  that  he  will  have  held  that  office* 

I  now  have  the  privilege  of  introducing  to  you  Professor  J.  J. 
Thomson,  and  asking  him  to  deliver  his  address  on  *' The  Modem 
Theory  of  Electrical  Conductivity  of  Metals."  I  feel  sure  that  I  can 
assure  Professor  J*  J.  Thomson  in  your  name  that,  though  it  is  the 
first  time  he  has  visited  us,  his  name  and  bis  work  are  well  known, 
thoroughly  admired,  and  appreciated  l>y  all  the  members  of  ou^ 
Institution* 
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THE    MODERN    THEORY    OF    ELECTRICAL 
CONDUCTIVITY  OF   METALS. 

By  Professor  J.  }.  Thomson,  F.R.S,  (Cambridge), 

{Lecture  delivered  February  21, 1907,^ 

It  is  somewhat  remarkable  that,  though  the  passage  of  electric 
currents  through  metals  is  by  far  the  most  famiUar  case  of  electric 
COnduetiDn^  yet  our  knowledge  of  the  mcchauisni  by  which  conduc- 
tion is  effected  is  far  more  definite  and  far  more  dc%^cloped  in  the 
case  when  electricity  is  transmitted  through  gases  or  through  liquids 
than  wben  it  is  transmitted  through  metals.  This  is  no  doubt  partly 
due  to  the  fact  that,  thanks  to  the  kinetic  theory  of  gases,  we  have  a 
very  much  more  definite  conception  of  the  structure  of  a  gas  than  we 
at  present  possess  of  a  metal.  But  it  is  also,  I  think,  due  in  part  to  the 
fact  that  the  laws  and  phenomena  associated  with  the  conduction  of 
electricity  through  metals  arc  far  less  varied  and  show  far  fewer 
pccyliarities  than  the  conduction  of  electricity  through  gases.  For 
instance,  the  conduction  of  electricity  through  gases  shows  so 
many  peculiarities  that  it  gives  a  clue  to  the  mechanism  ;  it  gives 
itself  away,  so  to  speak,  which  the  more  regular  and  conven- 
lianal  metal  refuses  to  do.  In  spite  of  this,  some  progress  has  of 
laic  years  been  made  in  the  theory  of  metallic  conduction,  and  it  is 
some  of  the  results  of  this  theory  that  I  wish  to  bring  before  you  this 
evening.  All  the  tlieories  that  t  know  of  metallic  conduction  ascribe 
the  passage  of  electricity  through  the  metal  to  the  movement  of 
electrified  [>articlcs.  In  the  theory  as  originailj^  developed  by  Rieckc, 
and  very  shortly  afterwards  by  Drude,  it  was  supposed  that  particles, 
both  positively  and  negatively  electrified  particles^  were  present  in 
the  metal,  and  that  these  moved  under  the  action  of  the  electric  force 
carrying  a  current  along  with  them.  In  a  form  of  the  theory  which 
1  published  some  few  years  ago^  I  limited  the  movement  of  the 
particles  to  the  case  of  negative  particles.  I  supposed  that  the 
actual  carriers  of  the  electricity  in  the  metal  were  those  small 
negatively  electrified  systems  which  we  call  corpuscles,  and  that  the 
heavier  positive  particles  took  little  or  no  part  in  the  conduction 
of  the  electricity.  This  view  has  the  advantage  that  the  passage  of 
electricity  through  a  metal  is  not  accompanied  by  any  transport 
of  the  metal,  a  result  which  has  often  been  looked  for,  but  never 
detected.  In  the  usual  form  of  the  theory,  which  1  shall  show 
later  on  requires  some  modification,  the  structure  of  the  metal  is 
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somewhat  as  fallows:  By  the  action  of  one  atom  of  the  metal  ott 
another^  corpuscles  are  split  off  from  the  atoms,  and  thev  rtmaiti 
difTused  through  the  mass  of  metal  ]  so  that  we  may  picture  to 
ourselves  a  metal  as  somewhat  like  a  porous  hody^  the  pores  of 
which  are  occupied  by  a  substance  with  the  properties  of  a  perfect 
gaSi  In  the  older  theory  it  was  supposed  that  these  corpuscles 
remained  free  for  a  time  sufficiently  long  to  enable  them  to  get  in 
thermal  equilibrium  with  the  metal  itself^  so  that,  like  all  ga^e?i|  the 
average  kinetic  energy  of  the  corpuscle  was  a  constant  merely 
depending  upon  the  temperature. 

Witli  all  gases  the  average  kinetic  energy  is  the  same  if  the  tempera' 
turc  is  the  same.  As  these  corpuscles  arc  exceedingly  small  compartd 
with  the  molecules  of  hydrogen^  the  mass  of  a  corpuscle  being  only 
about  ^^Vffth  part  of  that  of  a  molecule  of  hydrogen,  it  follows  that  if 
the  kinetic  energy  of  the  corpuscle  is  to  be  the  same  as  that  of  i 
molecule  of  hydrogen,  the  corpuscle  must  move  with  very  miidi 
greater  rapidity  than  the  hydrogen  molecule  at  the  same  temperature, 
in  fact,  that  the  square  of  the  velocity  of  the  corpuscle  must  be  3,400 
times  tht;  square  of  the  velocity  of  the  hydrogen  molecule^  witb 
the  result  that  the  velocity  of  a  corpuscle  at  o^'  C.  would  be  about 
10^  centimetres  per  second — ^roughly  speaking,  about  sixty  miles  per 
second.  These  rapidly  moving  corpuscles  are  supposed  to  be  div 
seminated  through  the  metal,  and  to  be  moving  with  this  velocity  in 
all  directions.  If  there  is  no  external  force  acting  upon  them,  thongb 
there  Is  this  movement  of  electricity  through  the  metal,  yet  there  i^  no 
transport  of  electricity  in  one  direction  rather  than  in  another.  There 
are  as  many  of  these  corpuscles  moving  in  the  one  direction  as  in  tbc 
opposite,  so  that  there  is  no  resultant  tiow  of  electricity.  But  if  we 
apply  to  these  corpuscles  an  external  electric  force,  then  the  corpuscles 
drift  under  the  action  of  the  force,  drifting,  since  they  are  negatively 
electrified,  in  the  opposite  direction  to  the  force,  so  that  there  is  now 
a  finite  flow  of  these  corpuscles  through  the  metal,  accompanied  by  the 
flow  of  thu  proportionate  amount  of  electricity,  and  it  is  this  flew 
which,  on  this  theory,  constitutes  the  electric  current.  We  can  on 
this  view  very  easiJy  find  an  expression  for  the  conductivity  of  th« 
metal  in  terms  of  the  number  of  these  corpuscles  per  cubic  cenlimeirti 
and  of  their  mean  free  path.  The  average  velocity  which  the  clectnc 
force  gives  to  thtise  corpuscles  is  practically  the  velocitj'  which  it  can 
give  in  the  interval  between  one  cohision  and  the  next.  The  effect 
of  the  electric  force  is,  as  it  were,  annihilated  when  a  collision  occurs 
and  has  to  begin  its  work  over  again,  so  that  if  f  is  the  intervaJ  be- 
tween two  collisions,  X  the  electric  force,  and  ^  tlie  charge  on  tlic 


corpuscle,  and  in  its  mass  the  acceleration  of  course  is 


If  III 


the  time  that  elapses  between  one  colhsion  and  the  next,  the  time  the 
acceleration  has  to  act  is  equal  to  A  so  that  the  velocity  at  the  cik! 

diie  to  the  force  will  be  ^  t. 
m 
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One-half  of  this  will  he  the  average  velocity,  so  that  the  average 
velocity  which  these  corpuscles  will  acquire  owing  to  the  electric  force 

X  will  t>e  4  — 5  t     Let  us  call  this  velocity  v,  the  amount  of  electricity 

^at  will  pass  through  unit  area  in  unit  time  will  be  the  number  of 
""rpuscles  which   pass  through  that   area   multiplied   by  tf,   that   is^ 

X  n  i'^ 

'f  c,  or  substituting  for  Vf    i /,     This  is  the  current  i,  thus 

m 

*  =  J  *    —  ^  so  that  the  specific  conductivity,  called  c,  will  be  given  by 

u  & 
the  equation  c^=\  —  i. 

That  will  be  the  expression  for  the  conductivity  of  the  metaL 
Let  us  try  to  estimate  this  time,  t :  when  we  are  de;iling  with  electric 
forces  of  the  order  of  those  which  occur  in  metallic  conduction,  it  is 
very  easily  shown  that  the  velocity  tliat,  in  the  interval  between  one 
collision  and  the  next,  will  be  imparted  to  a  corpuscle,  is  extremely  small 
compared  to  tlie  velocity  of  sixty  miles  per  second  which  the  corpuscle 
possesses  in  virtue  of  its  temperature.  So  that  the  speed,  at  which  the 
corpuscle  moves  from  one  collision  to  the  next,  will  practically  be  that 
velcjcity  of  sixty  miles  per  second,  and  be  independeot  of  the  forces 
acting  upon  it.  If  we,  for  the  niomcnt»  call  V.  the  velocity  of  the 
corpuscle  {lo?  centimetres  per  second),  and  \  the  length  of  the  free 

patbj  then  /  =^  ^,  and  the  expression  for  the  conductivity  of  the  metal 

*  m  \ 
We  want  to  get  some  check  upon  this  result ;  it  does  not  mean 
much  as  it  stands  ;  and  I  now  proceed  to  consider  the  very  remark- 
able result  which  Drtide  established  for  the  connection  between  the 
electrical  conductivity  and  the  thermal  conductivity  of  a  metal.  It  is 
evident  that  if  we  have  a  metal  filled  with  these  corpuscles  which  arc 
in  temperature  equilibrium  with  the  metal  itself,  then  if  different  parts 
of  the  metal  are  at  different  temperatures,  the  temperature  of  the 
corpuscles  will  be  different  at  different  parts  of  the  metal,  so  that  the 
energy  of  these  corpuscles  will  tend  to  Row  from  the  hot  parts  to  the 
cold*  There  will  tie»  therefore,  in  consequence  of  the  freedom  with 
which  these  corpuscles  move,  a  conduction  of  heat  arising  from  the 
corpuscles  themselves.  Now  let  us  suppose  for  a  moment  that  all  the 
heat  that  is  conducted  in  a  metal  is  conducted  by  means  of  these 
corpuscles,  so  that  the  conductivity  of  the  metal  will  be  the  conductivity 
of  this  collection  of  corpuscles*  The  conductivity  of  a  g;is  has  been 
worked  out  on  the  kinetic  theory  of  gases,  and  expressed  in  terms  of 
the  number  of  molecules  of  the  gas  per  cubic  centimetre,  the  mean 
free  path  and  the  average  velocity.  The  value  of  k,  the  thermal 
conductivity  of  the  gas,  is  on  the  kinetic  theory  given  by  the  equation 

The  quantity  a,  which  occurs  in  this  exprcssioUi  is  d^rined  in  this 
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way,  a  9  h  the   kinetic   energy  of  Ihe  molecule  of  any  gas  at  the 

absolute  temperature  B.  From  this  dutinition  of  a»  xt  can  be  shown 
that  rt  is  about  v$  x  IO•"*^  If  you  took  at  the  expression  for  k  and 
the  expression  for  c,  and  divide  one  by  the  other,  you  wiJJ  notice 
that  everything  that  is  peculiar  to  the  meta! — that  is*  the  number  of 
corpuscles  per  cubic  centimetre— and  the  free  path  ot  these  corpuscles, 
goes  out  J  and  that 

Everything  has  gone  out,  therefore*  which  is  pecuhar  to  the  mcM 
^  tn  V*  is  the  kinetic  energy  of  the  corpuscle  which  is  supposed  to  be 
determined  l>y  the  temperature  ;  that  is  to  say*  in  whatever  metal  the 
corpuscle  may  exist,  w:  V''  =^  2  a  8,  so  that  the  expression  for  kjc  is  equal  to 

Now  this  equation  indicates  that  the  ratio  of  the  thermal  lo  tk 
electrical  conductivity  is  the  same  for  all  metaU.  This  result  is  oat 
exactly  true,  but  it  is  true  to  a  very  considerable  decree  of  approxima- 
tion for  a  pure  metal.  But  we  can  go  further  than  this.  We  can 
ailcuhite  w^hat  the  ratio  ought  to  be  on  this  theory,  and  we  can  calculate 
it  practically  free  from  any  hypothesis,  and  even  free  from  any  determi- 
nation of  the  value  of  e  by  anything  except  the  ordinary  methods  of 
electrolysis,  I  will  just  indicatCi  because  it  is  rather  intereslingj 
the  way  in  which  wc  can  determine  this  constant ;  that  is,  this  value 

The  pressure  of  a  gas  on  the  kinetic  theory  is 

in  mY=, 

n  being  the  jmmber  of  molecules  per  cubic  centimetre^  in  t!»e  mm, 
and  V  the  mean  velocity  of  the  molectdes ;  or  since  i  m  V*  =  «  ff, 

and  therefore  -  5=  }  a  0, 

P       ,<it* 
or  — =  }  ~. 

Now  ft  ^  is  the  number  of  molecules  of  hydrogen  in  a  cubic  ccntitnetre 

multiplied  by  the  charge  on  an  atom  of  hydrogen.  Now  we  know  that 
one   unit  of  electricity  decomposes  about    i"2  cubic  centimetres  of 

hydrogen  at  normal  pressure  and  temperature,  and  therefore  2*4  n^  =  i : 

and  since  p  =  id*i  we  get  —  =  3-6  X  10*.    From  this  we  find  that  ifcjt, 

which  is  equal  to  ^-   iS|  at  o°C*,  6'i  x  io'°  in  absolute  units* 
Now  lately  some  extremely  vakiable  experiments  have  btsci 
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on  the  ratio  of  the  thermal  to  the  electrical  conductivities  of  various 
metals  by  Jaeger  and  Diesselhorst,  and  the  values  that  they  found  for 
various  pure  metals  for  this  ratio  were  :  For  copper,  67  x  10" ;  silver, 
6-8  X  10";  and  gold,  7*09  x  10".  Those  are,  you  see,  in  very  fair 
agreement  with  this  value  6*1  x  10*''  which  has  been  deduced  from 
entirely  different  considerations.  I  ought  to  say  that  for  other  metals 
the  agreement  is  not  so  exact.  For  aluminium  it  is  6*36  x  io'° ; 
for  iron  it  is  8*02  x  io'° ;  and  when  you  get  up  to  alloys  like  constantine 
you  get  up  to  11*0  x  I0'^  But  in  the  case  of  mixtures  of  metals, 
as  Lord  Rayleigh  has  shown,  some  considerations  come  in  which 
produce  effects  like  a  resistance  which  are  not  included  in  this  new 
theoretical  view.  It  is,  I  think,  a  very  remarkable  confirmation,  that 
this  ratio,  calculated  in  this  independent  way,  comes  so  nearly  to  the 
number  found  actually  by  experiment.     But  there  is  another  confirma> 

tion.    You  notice  that  -  is  proportional  to  the  absolute  temperature,  so 

that  the  temperature  coefficient  of  —  ought  to  be  just  ^^,  or  0*3665 

per  cent  This  point  has  also  been  investigated  by  Jaeger  and  Diessel- 
horst, and  they  find  that  the  temperature  coefficient  of  this  ratio  for 
copper  is  0*39,  for  silver  0*37,  and  for  gold  036.  The  value  indicated 
by  this  expression  is  0*366,  so  that  there  again  you  get  close  approxima- 
tion between  the  results  of  experiment  and  the  results  of  theory. 

Perhaps  even  more  interesting  is  a  very  remarkable  investigation 
that  has  l>een  made  by  Lorentz,  in  which  he  connects  the  ordinary 
radiation  from  a  metal,  or  any  substance  at  any  temperature,  with  the 
corpuscles  which  are  supposed  to  carry  the  electric  current.  These 
corpuscles  are,  as  I  have  said,  diffused  through  the  metal ;  they  are 
moving  about  with  great  rapidity,  and  are  continually  knocking  against 
the  molecules,  and  when  they  come  into  collision,  their  velocities  are 
suddenly  changed.  When  we  start  or  stop  an  electrified  particle  we 
give  rise  to  an  electro-magnetic  disturbance.  The  collisions  of  the 
corpuscles  start  pulses  of  electro- magnetic  forces  flowing  through  the 
medium,  and  though  these  pulses  are  quite  irregular,  yet  they  can  be 
represented  by  means  of  Fourier's  theorem  as  due  to  a  collection  of 
harmonic  waves.  Lorentz  has  attacked  this  kind  of  chaos  of  the  forces 
produced  by  the  collisions  of  these  corpuscles  inside  the  metal,  and  has 
tried  to  express  them  as  a  Fourier's  series.  He  has  only  l>een  able  to 
work  with  one  end  of  the  spectrum,  the  long  waves— waves  whose 
length  is  large  compared  to  the  mean  free  path  of  the  corpuscles  ;  but  he 
has  found  an  expression  for  the  amount  of  energy  in  the  waves  whose 
frequencies  are  between  certain  limits,  provided  these  waves  are  long 
waves — long  compared  with  the  mean  free  path.  The  result  that  he 
finds  is,  that  considering  the  energy  in  the  waves  whose  frequency  is 
between  g  and  g  +  dq,  the  amount  of  this  long-wave  radiation  given 

out  by  a  slab  of  unit  thickness  would  be  r--^  4  r  ^  «  X  v,  where  V  is 

the  velocity  of  light    He  found  that  this  is  the  expression  for  the  energy 
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ill  the  waves  whose  frequency  is  between  q  and  q  +  tl  q  produced  by 

the  CO  U  is  ion  of  these  u  corpuscles  per  cubic  centimetre,  h;iving  a  Itvc 
path  X  and  an  average  velocity  v.  That  is  the  amount  given  by  2  sJah ; 
it  is  not  the  amount  radiated  by  the  metaL  This  radiation  of  course  is 
absorbed  as  it  passes  through  the  metal,  and  the  actual  amount  of 
radiation  passing  through  the  slab  will  be  such  that  the  amount  d 
energy  which  is  absorbed  passing  through  the  slab  is  equal  to  the 
amount  radiated  by  the  slab.  Therefore  w*e  can  easily  find  (I  will 
not  trouble  you  with  the  calculations)  in  terms  of  the  resistance 
{the  absorption  here  depends  upon  the  resistance)  the  amount  of 
energy  that  would  have  to  pass  through  this  slab  and  be  absorbed,  so 
that  the  absorption  by  the  slab  is  equal  to  this  radiation,  and  this 
with  amount  of  energy  is  the  energy  passing  through  the  slab.  It 
comes  out,  then,  that  the  amount  of  energy  passing  through  each  trait 
area  of  the  slab  in  the  radiation  of  whose  wave-length   is  between 

16    waBdl 

3         /^ 
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That  is  the  expression  which ^  as  1  say,  Lorentz  has  found  for  this 
long  wave*lengtti  radiation  :  and  you  see  again  that  everything  peculiar 
to  the  metal  has  disappeared.  The  number  of  corpuscles  and  the  free 
path  of  the  corpuscle  have  gone  out,  and  we  get  an  expression  whicti  is 
the  same  for  all  these  substances.  It  contains  this  quantity  a  0  in  addi- 
tion to  the  wave-length,  and  as  we  know  a 6,  this  expression  can  be 
easily  calculated.  It  has  been  shown  that,  in  order  to  agree  with 
ther mo- dynamics,  the  function  which  represents  the  amount  radiated 
between  certain  limits  of  wave'length  must  belong  to  a  general  class, 
and  this  does  be!ong  to  that  cUss  ;  it  does  not  violate  the  laws  of 
thcrmo-dynamic*.  Lorcntz  hi?i  calculated  in  this  way  the  amount  of 
energy  radiated  according  to  this  expression,  and  has  compared  it  with 
the  experiments  made  by  Lummer,  Rubens,  and  others  on  the  amonal 
they  have  found  to  be  actually  radiated  by  a  metal,  and  the  two  arc  in 
very  close  agreement.  The  ratio  is  about  1*5  to  13  in  the  two  ca^cs*  mj 
that  here  again  this  theory  is  confirmed.  A  most  interesting  point 
about  this  radiation  is  that  it  is  all,  so  to  speak,  Rontgen  rays,  and  tlie 
thermal  radiation  of  the  metal  is»  according  to  this,  just  a  case  oi 
Rontgen  rays. 

But  this  is  not  all ;  there  must  be  something  else  besides  tliesc 
long  waves.  If  we  analyse  this  disturbance  produced  by  the  collision 
of  the  corpuscles,  there  must  be  something  else  besides  long  waves 
Lorent2  has  only  calculated  the  cncrg_v  in  the  particular  case  when  the 
wave-length  was  very  long  compared  to  the  mean  free  path.  If  you 
could  express  the  effects  of  the  collisions  of  the  corpuscles  completely, 
you  would  find  you  w^ould  have  to  include  in  the  solution  waves  of  vcft 
short  wave-lengths.  There  must  be  another  end  to  ihh  radiation  ;  tlic 
long  wave  part  is  only  one  end.  Now,  where  is  that  other  ciid  ?  Tht 
metals,  if  this  result  is  right,  must  give  out,  in  addition  to  the  thermal 
radiation,  some  other  kind  of  radiation  analogous  in  properties  to 
ordinary  Rontgen  v^ys.    There  docs  seem  some  indication  that  mc 
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and  other  bodies  give  otit  radiation  of  that  type.  Wc  find  that  each 
metal  produces  a  characteristic  amount  of  ionisation  when  a  gas  is  en- 
closed in  a  vessel  made  of  that  particular  melal^  and  it  may  be  that  the 
radiation  that  shows  itself  in  this  way  is  the  other  endj  so  to  speakj  of 
the  effect  of  these  collisions,  one  end  being  the  ordinary  thermal  radia- 
tion and  the  other  end  being  probabh%  I  think,  the  pecuhar  radiation 
that  is  emitted  by  metals,  At  any  rate,  there  must  be  some  radiation 
besides  that  calculated  by  Lorcntz, 

I  may  say  that  this  theory  affords  an  easy  explanation  of  the 
Peltier  effect  and  the  Thomson  effect  of  the  electro- motive  forces 
along  unequally  heated  metals. 

But  I  must  pass  on*  So  far  I  have  been  considerin|^  phenomena 
which  afford  strong  corroboration  of  this  theory.  I  must  now  indicate 
ont;  that  I  think  requires  us  to  modify  the  theory.  It  is  of  this  character. 
If  there  are  all  these  corpuscles  in  temperature  ei|uilibnuni  with  the 
me  tall  then  if  we  raise  the  temperature  of  the  metal  we  liavc  to  raise 
the  temperature  of  the  corpuscles,  so  that  a  certain  amount  of  energy 
will  be  required  to  raise  the  temperature  of  the  corpuscles.  That  is, 
there  must  be  certain  specific  heat  corresponding  to  the  corpuscles 
themselves  as  apart  from  that  which  raises  the  temperature  of  the 
atoms  of  the  metal.  The  point  I  am  ^oing  to  try  to  bring  before  you  is 
that,  in  order  to  reconcile  some  experiments  to  which  I  shall  allude  with 
the  theory,  it  is  necessary  to  suppose  so  many  corpuscles  in  the  metal, 
that  the  amount  of  heat  required  to  raise  these  corpuscles  through  any 
range  of  temperature  is  far  greater  than  the  actual  amount  of  heat  that 
is  required  to  raise  both  the  metal  and  the  corpuscles.  This  is  founded 
upon  some  experiments  that  have  been  recently  made  by  Rubens  and 
Hagen  on  the  conductivity  of  metals  nnder  very  rapidly  alternating 
electric  forces,  those  forces  that  occur,  for  example,  in  waves  of  light. 
They  experimented  with  very  long  waves,  chiefly  two  sets  of  waves, 
one  whose  length  was  25  ft,  and  the  other  set  having  a  length  of  4  /*, 
fi  being  jjf^iijs  mm*  They  found  that  the  conductivity  for  the  metal 
for  the  light  waves,  if  you  can  call  them  light  waves,  w^hosu  length  is 
25  ft,  was»  wnthin  their  limits  of  exp^rimentj  exactly  the  same  as  for  a 
steady  current,  and  that  for  the  waves  whose  wave-length  was  4  ^  it 
only  differed  by  about  20  per  cent.  Now  Jf  you  look  back  at  the  way  in 
which  we  calculated  the  conductivity,  j'oii  will  see  that  the  expression 
we  obtained  is  only  true  when  the  electric  force  acts  in  one  direction  for 
a  time  that  is  long  compared  with  the  interval  between  two  collisions. 
If  the  electric  force  is  going  backw^ards  and  forwards,  alternating 
many  times  between  one  colhsion  and  the  next,  then  the  actual  velocity 
communicated  to  the  corpuscle  is  very  much  smaller  and  the  conduc- 
tivity is  very  much  less.  There  is  no  difhculty  in  calculating  the  effect 
of  this  rapid  reversal  of  the  forces  on  the  conductivity.  1  find  that 
if  the  forces  are  reversed  so  quickly,  that  t,  the  interval  between  one 
collision  and  the  next  were  as  much  as  one-quarter  of  the  time  of 
vibration  of  the  light,  the  effective  conductivity  would  be  reduced  to 
anc-half,    Rubens  has  shown  that  the  conductivity  under  waves  whose 
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wave-lengtli  is  "4  ft  h  ooly  about  20  per  ceot  less  than  the  normal 
conductivity,  and  therefore  the  interval  between  two  coltisions  cannot 
be  a<i  great  as  the  time  of  vibration  of  light  whose  wave-length  ti 
J  of  4  /i«  i.e.  p.  Since  ft  is  10^  cm.,  the  time,  /;  that  elapses  ttetHrxca 
one  coUision  and  the  next  must  be  less  than  io~*/3  x  lO"^  or 
3'3  X  10 "'5  sec*,  which  is  a  very  smatl  time.    Now,  wc  see  irom  the 

expresdon  C^^  —  I  that  if  3^ou  are  going  to  reduce  the  time  and  jet 
w 

get  definite  conductivity,  yon  must  increase  the  number  of  the  cor* 

puseles  per  unit  volume.    H  you  have  a  very  short  time,  you  must  mab 

up  for  it  by  a  very  iarge  number  of  corpuscles.     Take  the  case  of  silfcr 

and  work  out  the  numtier  of  corpuscles  per  cubic  centimetre  that  would 

be  required  to  give  the  observed  conductivity.   With  silver  the  number 

is  1*8  X  lo^^  per  cubic  centimetre. 

We  require  that  number  of  corpuscles  per  cubic  centiinetre  to  gm, 

in  the  time  deduced  from  the  experiments  of  Rutsens  and  Hagen^tbe 

proper  electrical  conductivity  of  silver.    Now,  you  have  ttiat  numb^, 

each  possessing  at  the  absolute  temperature  fi  an  amount  of  Idndic 

energy  a  #,  and  therefore  to  raise  the  lentperalure  one  degree  yoo 

would  have  to  give  lo  each  one  of  these  an  amount  of  energy  a,  or 

to  the  whole  lot  an  amount  of  energy  represented  by  a  x  I'S  X  to**. 

a  is  about  1^5  X  10 -'\  so  that  this  energy  is  i'8  x  i'5  X  lo^ergs^  thai  ii, 

somewhere  about  7  calories,  is  required  to  raise  i  cubic  cm.  of  silver 

1'  C.  if  you  leave  the  atoms  of  silver  alone  and  merely  attend  to  the 

corpuscles.    The  actual  amount  required  to  raise  the  temperature  ol 

the  silver  is  only  about  of>  calories,  so  that  there  is  a  serious  discrepancy 

between  the  results  of  the  theory  in  this  form  and  the  results  of  expen* 

ments  on  specific  heat*     I  do  not  see  how  to  reconcile  the  two,     If  ym 

want  to  get  the  observed  conductivity  you  must  have  a  large  aurabcr  d 

corpuscles  if  you  take  Rubens' s  and  Hagen's  experiments  as  giving  a 

limit  to  the  time  that  elapses  between  two  collisions,  and  if  you  gd 

this  number  of  corpuscles  you  get  loo  big  a  specific  heat,     I  think  that 

is  a  difficulty  with  regard  to  this  theory  in  the  form  in  which  it  is  usiiaJly 

given,     I  think  the  difficulty  arises  from  supposing  ihat  the  corpuscles 

exist  so  long  in  a  free  state  in  the  metal  that  they  have  lime  to  get 

into  temperature  equilibrium    with   the  metaL     I   think   the  actual 

state  of  things  is  somewhat  different — that  the  corpuscle,  instead  of 

wandering  about,  when  it  once  gets  dragged  out  of  one  atom  by 

the  action  of  a   neighbouring  one,  jumps  practically  straight  from 

one  into  the  other.    There  is  no  doubt  that  it  must  l>e  due  to  the  action 

between  the  atoms  of  a  metal  that  these  corpuscles  are   produced. 

because  if  you  take,  for  example,  mercury  in  a  state  of  vapour,  iM 

number  of  corpuiicles  per  molecule  of  mercury  in  the  state  of  vapour  h 

infinitesimal  compared  with  the  number  that  would  have  to  exist  lo 

explain  the  conductivity  of  mercury  in  its  liquid  condition.     It  is  tlie 

effect  of  one  atom  on  another  that  gives  rise  to  these  corpuscles. 

The  modification  which  I  think  ia  required  in  this  theory  is  lo 

suppose  that  the  electric  force,  instead  of  acting  on  the  corpusd^ 
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ifter  they  hnvc  kft  their  atoms,  really  acts  upon  the  atoms  before 
the  corpuscles  leave  them.  Imagine  the  atanis  acting  on  each  other, 
like  a  system  of  electric  doublets,  and  the  corpuscle  flows  from  the 
aegative  end  of  one  doublet  into  the  positive  end  of  the  other* 

If  you  have  all  the  doublets  arranged  higglcdy-pigi^lcdy  in  the  nictal, 
then  there  will  be  as  many  corpuscles  going  one  way  as  there  are  going 
the  other  ;  there  w^ill  be  no  transport  through  the  metal.  But  supposing 
the  action  of  the  electric  force  is  to  polarise  these  doublets  before 
they  discharge,  so  as  to  drag  them  into  lintj  like  a  Grotthus  chain, 
on  the  old  theory  of  electrolysis.  Supposing,  for  example,  you  drew 
them  all  into  line  with  the  negative  ends  pointing  in  one  way  and  the 
|K)sitivc  in  another,  you  would  get  a  transport.  When  the  corpuscles 
jump  they  wnll  jump  the  same  way^  and  you  would  get  a  definite 
transport  of  electricity  through  the  metal,  1  thtnk  the  mod iii cation 
that  is  required  is  to  suppose  that,  when  the  electric  force  acts  upon 
the  metal,  w^hat  it  docs  is  to  arrani^e  to  a  certain  extent  these  atoms  or 
doublets  which  are  acting  upon  each  other  into  a  line*  so  that  when 
they  discharge  the  corpuscles  from  one  to  another,  these  corpuscles  go 
in  a  delmitc  direction,  I  have  worked  out  the  result,  taking  this  theory 
instead  of  the  one  that  I  have  brought  before  you  ;  but  as  it  is  getting 
so  late  I  will  only  bring  before  you  the  general  result,  I  w^ill  mention, 
however,  the  hypothesis  I  made,  1  assumed  that  these  doublets  %VQtild 
range  themselves  like  doublets  in  a  gas.  We  know,  from  the  law  of 
Ihe  kinetic  theory  of  gases^  how  many  of  these  doublets  would  be 
pointing  in  any  direction  under  the  action  of  an  external  field. 
We  know  the  law  of  distribution,  for  systems  having  given  amounts 
of  potential  energ)"^  in  a  gas.     If  d  is  the  length  of  the  doublet  and 

^  the  charge,  the  moment  of  this  doublet  is  ^f  and  if  it  makes  an 

angle  wnth  the  direction  of  the  electric  force  X,  then  the  potential 
ener^  is  X^tfcose,  and  applying  the  law  of  distribution  we  can 
verj'  easily  fuid  the  average  value  of  cos  $ — that  is,  the  excess  which 
points  in  one  direction  rattier  than  in  the  opposite.  Assuming  that  the 
^awQ  law  liolds  for  the  metal  as  holds  for  the  gas,  then  I  found  that 
the  electrical  conductivityj  which  I  call  c^  is — 

p  is  the  number  of  times  that  each  one  of  these  doublets  discharges 
per  second ;  d  is  the  distance  between  the  positive  and  the  negative 
component  \  6  is  the  distance  between  the  centres  of  adjacent  doublets; 
t  is  the  charge  ;  n  is  ttie  number  of  these  doublets  per  unit  volume, 
and  a.,  B  are  the  same  as  before.  Then  with  regard  to  the  thermal 
conductivity,  I  assumed  that  the  corpuscle,  when  it  starts  from  a  hot 
part  of  the  metal,  has  more  kinetic  energy  than  when  it  starts  from 
a  cold*  so  that  the  shoothig  out  of  the  corpuscles  from  the  hot  to 
the  cold  doublets  carries  the  heat  with  it»  and  we  get  thermal  con- 
ductivity in  that  way,    II  we  do  that,  assuming  that  the  corpuscle 
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in  a  daub  lei  at  the  temperature  9  bas  got  an  amount  of  kinetic  ifucrj 
equal  to  a  6  we  have  k^ipb"  n  a  \  k  bein^  the  thermal  conductivity.^ 

k  if   b 

If  we  take  the  ratio  of  the  one  to  the  other  -  ^  I  — .  --   on  in 

h  ^ 

other  theory  -  =  i  — 

t 

The  ratio  of  the  two  ratios  on  the  two  theories  is  thus  |  of  -„  whc 

d 

b  is  the  distance  between  the  centres  and  d  is  the  length  of  one  of  these 
doublets  ;  so  that  if  the  doublets  are  very  closely  packed,  -.  will  not  be 

a  kirge  quantity.        will  be  very  nearly  equal  to  unity,  and  the  factor  tS 

only  ^.  So  that  there  will  only  be  a  difference  of  about  i2  per  ceni.  id 
the  value  of  the  ratio  of  the  thermal  to  the  electrical  conductivity  on  the 
two  theories,  and  it  cannot  be  said  that  the  a;:^rcement  belvveen  thforj 
and  experiment  in  either  case  is  sufficiently  close  to  say  that  one  theofT 
is  a  closer  approximation  to  the  facts  than  the  other.  1  have  worked  out 
the  radiation  in  the  same  way^  and  again  it  is  just  the  same  as  belorc. 

with  the  exception  that  the  factor  -z  comes  in,  and  again  I  do  not  think 

the  diHercnce  is  great  enough  lo  be  determined  by  any  existing  eatpcri- 
ments.  This  view  is  not  open  to  the  difficulty  about  requiring  a  large 
specific  heat,  because,  during  the  time  when  the  things  are  free, 
they  just  jump  from  one  to  the  other  and  do  not  get  into  theruul 
equilibriunL  It  is  never  necessary  to  consider  the  amount  of  energy 
required  to  raise  the  temperature  of  a  very  large  collection  of  them* 

In  conclusion,  there  is  just  one  point  I  would  like  ro  illustrate  by 
means  of  this  theory.  The  Hall  effect  is  always  a  considerable  difficulty 
with  regard  to  the  conduction  of  electricity  through  metals.  In  the 
first  form  of  theory  I  gave  we  do  get  a  Hall  effect,  but  it  is  always 
in  one  direction*  The  electrified  negative  particles,  as  they  are  placL-d 
in  a  magnetic  field,  are  acted  upon  by  a  force  at  right  angles  to  the 
direction  in  which  they  are  moving.  They  are  pushed,  if  ihey  art? 
moving  horijEon tally,  up  or  down  by  the  magnetic  field  at  right  angles  to 
the  current^  and  it  is  that  transverse  current  at  right  angles  lo  the 
i  n  i  tial  c  ur  re  n  t  w  h  i  ch  c  o  rres  po  n  d  s  to  t  h  c  H  al  1  e  Pf ec  t .  I  say  there  is  some^ 
littledifticulty  that,  with  this  theory,  the  Hall  effect  would  always  tend  1 
be  in  one  direction.  The  Hall,  however,  ts  a  very  complex  phenomena) 
because  it  changes  sign  not  only  in  different  metals,  but  in  the 
metals  occasionally,  if  the  magnitude  of  the  magnetic  forces  is  altera 
There  arc  certain  metals  in  which  the  effect  has  one  for  some  force  m 
the  opposite  sine  for  other  forces,  so  that  the  Hall  effect  is  not  a  vc 
simple  phenomenon.  It  may  be  asked,  How  can  the  magnetic  %ii\ 
possibly  produce  any  such  effect  as  this  on  the  view  1  have  just  h 
giving,  if  it  only  acts  upon  the  molecules  before  the  interchai^ 
corpuscles  takes  place  and  not  after  ?  I  think  it  is  rather  aa  jntcra 
point  to  see  how  it  would* 
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Suppose  that  we  have  a  doublet  with  negative  and  positive  ends,  then 
if  it  is  pulled  round  by  an  electric  force  the  ends  start  moving,  one 
in  one  direction  and  the  other  in  the  opposite,  and  if  there  h  a  mag- 
netic force  acting  upon  the  thing  at  right  angles  lo  the  plane  of  motion, 
then  there  will  be  forces  acting  upon  these  two  ends.  If  the  ends  move 
with  equal  and  opposite  velocities,  the  forces  on  the  two  ends  are  equal ; 
but  if  the  velocities  are  different,  then  the  forces  on  the  ends  are 
different  and  there  is  a  couple  produced — ^in  fact,  the  doublet  when 
placed  in  a  magnetic  field  behaves  exactly  like  a  gyroscope.  Suppose 
we  have  a  pendulum  w':;h  a  gyroscope  bob  instead  of  the  ordinary 
bob  ;  suppose  it  were  held  away  from  the  vertical,  corresponding  to 
one  of  our  doublets  before  an  electric  force  acts ;  supposing^  now,  it 
is  let  fall ;  gravitVi  instead  of  puUing  it  straight  down  to  the  vertical^ 
make  it  swing  round  like  a  gjToscopic  peuduJum  one  way  or  the 
other,  according  to  the  direction  of  the  spin  in  the  top  in  the  bob.  So 
that  if  this  gyroscope  property  were  attached  to  a  doublet,  then  when 
there  is  an  attempt  to  pull  it  along  the  hnes  of  electric  force  it  will 
come  out  a  little  at  right  angles,  and  there  will  be  a  current  either  that 
way  or  the  other  w^ay  according  to  the  sign  corresponding  to  the  spin 
of  the  top  of  the  gyroscope.  So  that,  in  addition  lo  the  movement 
along  the  direction  of  the  line  of  force,  the  doublets  would  tilt  up  a 
litUe  bit  at  right  angles  to  it;  there  w*oold  be  a  polarisation  in  the 
direction  of  right  angles  to  it,  and  ihat  polarisation  would  produce 
a  current  in  that  direction,  so  that  unless  the  negative  and  positive 
ends  move  with  equal  and  opposite  velocities—that  is,  unless  the 
centre  of  gravity  of  the  doublet  is  exactly  midway  between  the  negative 
and  positive  charge  — then  these  doublets  when  they  are  placed  in  a 
magnetic  field  witl  be  acting  like  gyroscopes,  and  if  it  is  attempted  to 
pull  theui  by  a  force  in  oue  direction  they  tend  to  squirm  off  in  a  direc* 
tion  at  right  angtcs  to  it,  and  tliat,  I  think,  accounts  for  the  HaU  effect 
in  metals. 

Discussiojc, 

Lord  Rayleigh,  F.R»S. :  Gentlemen,  I  think  the  Institution  is  very  Lord 
fortunate  in  hearing  from  the  most  qualilied  man  in  the  country,  ^^^^^ 
perhaps  in  the  worid,  his  exposition  of  these  matters.  Certainly,  if 
one  could  ever  understand  a  difficult  subject  expounded  in  an  hour's 
time^  to-night  was  the  opportunity,  for  Professor  Thomson  has  stated 
his  case  with  extraordinary  lucidity,  I  was  especially  interested 
myself  in  a  formula  which  represented  the  results  of  Lorcntz^s 
researches  deducing  the  law  of  radiation  for  great  wave-lengths 
from  the  phenomenon  of  the  coHision  of  corpuscles  within  the  pores 
of  a  metal  It  so  happens  that,  some  years  ago,  I  put  forward  practi- 
cally the  same  formula,  but  deduced  only  from  very  general  considera- 
tions, and  without  any  particular  idea  as  to  the  precise  machinery  by 
which  the  rehult  might  be  reached.  Professor  Thomson  has  explained 
to  us  the  theories  which  originated  mainly,  I  think,  with  Drude  and 
Lorent2,  and  to  a  great  extent  explain  many  very  remarkable  facts. 
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leading  to  remarkable  numerical  coincidences,  and  he  has  ilm 
pointed  out  to  us  some  didicuUie!^  whtch  arise  when  the  appHcatitHi  ii 
pursued  further.  In  the  latter  part  of  his  Lecture  be  has  indicated  to  m 
the  results  of  researches  of  his  own,  which  give  quite  a  new  compkiion 
to  the  matter,  and  point  out  a  way  in  whtch  these  di faculties  may  be 
overcome*  It  is  to  be  hoped  that  the  theory  will  work  out  in  all  the 
details  as  well  as  it  has  done  in  the  matters  which  Professor  Thomson 
has  laid  before  us. 

The  President:  Professor  Thomson  has  kindly  intimated  tfum 
that  he  i^  ready  to  answer  questions  put  to  him  or  take  part  b  ^J 
discussion.  I  will  therefore  call  on  Professor  Silvanus  Thompsoa  to 
speak. 

Professor  SiLVAMtJs  P,  Thompson  i  You  have  asked  me,  »iir,  to  put 
questions  to  the  one  man  in  the  universe  w*ho  understands  best  this 
matter  ;  and  I  am  uncommonly  glad  of  the  opportunity,  because,  as  i 
matter  of  fact,  I  have  found  it  one  of  the  difficulties  of  the  study  of  this 
branch  of  the  subject  that  the  different  authorities  who  wTite  and  lait 
about  it  do  not  always  speak  in  the  same  language,  VV*e  have  heard  a 
good  deal  to-night  about  corpuscles  ;  I  do  not  think  we  have  beard  one 
thing  about  electro  us,  I  w^ant  to  know  whether  in  the  lecturer  s  usage 
those  two  w*ords  mean  the  same  thing  :  or,  if  t  may  put  it  in  anotber 
way,  do  we  understand,  by  that  which  we  have  been  hearing  of  to-night 
under  the  name  of  **  corpuscle,"  a  minute  portion  of  matter  tnudi 
smaller  than  an  atom  and  electrified  ?  Or,  is  there  no  matter  at  ail  in 
it?  Is  it  simply  a  httic  bit  of  electricity?  Is  it  a  disembodied  bit  of 
electricity  which  acts  as  a  corpuscle,  or  is  it  an  electrified  hit  of 
matter  ?  We  desire  something  definite  about  the  terms  which  are 
used,  and  precisely  what  they  connote.  Then,  to  come  to  the  im- 
mediate subject  of  the  intensely  interesting  new  theory,  which  tt'as 
given  to  us  all  too  briefly  at  the  end  of  the  lecture,  I  wish  to  put  thi^ 
question.  If  I  caught  the  words  rightly,  it  was  put  to  us  that  the 
corpuscle  is  dragged  out  of  the  atom  by  the  action  of  a  neighbouring 
atom  I  and  jumps  straight  from  one  to  the  other.  Can  Professor 
Thomson  give  us  any  idea  of  what  is  the  origin  or  cause  of  sncb  an 
effect  ?  What  is  there  in  one  atom  which  should  act  on  the  corpuscles 
of  another  atom  and  make  them  jump  from  one  to  the  other  ?  It  is  3 
new  point  to  me  in  physics^  and  I  think  it  deserves  a  little  further 
explanation^  especially  if  it  wiU  make  the  difference  between  the  old 
theory  and  the  new  theory  more  clear,  I  have  put  my  questions  «n 
at  your  suggestion  ;  but  I  cannot  sit  down  without  joining  my  ihanb 
to  those  of  Lord  Rayleigh,  and  I  have  no  doubt  of  the  whole  Imtiln- 
lion,  to  Professor  Thomson  for  his  extremely  important  ex  position  ol 
these  highly  recondite  matters. 

Sir  William  H.  Preece,  K.C.B,:  I  am  delighted  at  the  opportoiutif 
of  proposing  a  vote  of  thanks  to  Professor  Thomson,  We  arc  oW 
friends,  and  I  have  learned  very  much  from  liim*  We  have  had  a 
unique  lecture  to-night  I  cannot  recall,  in  the  history  of  the  Institution 
of  Electrical  Engineers,  a  learned  professor,  the  head  of  liis  professioa 
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ttow,  coming  here  and  giving  tis  a  djiicourse  Ukc  that  which  we  have 
Enjoyed*  We  have  not  only  enjoyed  it  to-night,  but  there  is  not  a  man 
ki  this  room  who  has  not  had  something  impressed  on  his  brain  which 
has  set  it  in  a  state  o(  energy,  which  will  lead  to  thought  and  to  study. 
It  is  a  gratitication  to  us  English  engineers  to  know  that  the  great  steps 
in  advarice^for  they  must  be  steps  in  advance— in  the  theory  and 
practical  knowledge  of  electricity  come  from  Cambridge.  Professor 
J,  J,  Thomson  is  carrying  on  the  great  work  commenced  by  Lord  Ray- 
leigh  at  the  Cavendish  Laboratoryi  and  it  \i'ill  be  continued,  I  am  sure^ 
tantil  the  questions  will  be  answered  whether  electricity  is  a  form  of 
energy,  a  form  of  matter,  or  something  sui  generis.  Gentlemen^  with 
!Very  great  pleasure  I  propose  that  a  hearty  vote  of  thanks  be  given 
to  Professor  Thomson  for  the  dehghtful  address  he  has  given  to  us 
lo-nigbt. 

The  President:  Gentlemen,  you  have  already  shown  by  your  ^^^  * 
apptause  that  you  accept  unanimously  this  vote  of  thanks  to  Professor 
Thomson,  which  I  now  con%*ey  to  him  in  your  name- 
Professor  J*  J,  Thomson,  in  reply  :  Perhaps  I  can  best  show  my  ^^^^^^ 
ippreciation  by  trying  to  answer  the  questions  which  Professor  Silvanus 
Thompson  addressed  to  me,  I  think  his  first  question  was  a  question 
lather  of  notation,  as  to  the  difference  between  the  electron  and  the 
corpuscle.  I  prefer  the  corpuscle  far  two  reasons  :  first  of  all,  it  is  my 
Own  child,  and  1  have  a  kind  of  parental  affection  for  it :  and,  secondly^ 
I  think  it  has  one  merit  which  the  term  electron  has  not*  We  talk 
libout  positive  and  negative  electrons,  and  I  think  when  you  use  the 
^me  term  for  the  two  the  suggestion  is  that  there  is  an  equality,  so  to 
>peak,  in  the  properties.  From  my  point  of  view  the  difference  be- 
tween the  negative  and  the  positive  is  essential,  and  much  greater  than 
tl  think  would  be  suggested  by  the  term  positive  electron  and  negative 
[electron.  Therefore  I  prefer  to  use  a  special  term  for  the  negative 
unit  and  call  it  a  corpuijclc.    A  corpuscle  is  just  a  negative  electron. 

Professor   Silvanus   Thompson  :  What   do    you    call   a    positive  |t5?i1J!ir 

electron  ?  ThonipMn. 

Professor  J.  J »  Thomson  :  I  think  I  should  call  it  a  positive  electron. 
J  hke  the  term  electron  well  enough  if  it  is  not  liable  to  run  the  positive 
mnd  negative  into  aji  equality.  Then  Professor  Silvanus  Thompson 
went  into  some  questions  which,  if  I  could  answer,  I  should  be  very 
Hear  solving  the  problem  of  the  universe— the  relation  between 
tiectricity  and  matter,  and  whether  a  corpuscle  was  a  bit  of  electricity 
or  a  bit  of  matter  with  a  charge  on  it*  I  do  not  know  what  electricity 
is,  and  I  do  not  know  what  matter  is.  I  have  tried  to  state  what  I 
jfcgard  as  energ>\  Taking  the  corpuscle,  I  think  Uiat  all  the  energy 
■  possessed  by  a  corpuscle  is  due  to  the  magnetic  field  that  it 
/produces  when  in  motion,  or  kinetic  energy.  I  think  I  should 
(Ike  to  ask  those  people  who  talk  about  electricity  and  matter  lo 
[try  to  think  for  themselves  what  they  mean  by  matter  and  what 
j^ey   mean   by  electricity.      If   they  do    so,    they    will   not    find   it 

Lto  define  the  terms  they  mean.     Then  with  regard  to  the 
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rofefiBOf  question  of  the  action  of  one  atom  upon  another,  I  m^'^self  regard  an 
'*^""'  atom  as  a  collection  of  positive  and  negative  electricity,  not  exatcUf 
neutral,  but  somewhat  analogous  to  a  magnet  with  positive  and  negatiw 
poles.  I  do  not  see  any  difficulty  at  all  in  supposing  that^  when  tKO 
such  systems  come  near  each  other,  they  exert  forces  upon  each  other, 
Two  magnets  will  certainly  exert  forces  upon  eacls  other,  and  I  do  not 
s<^  why  positive  and  negative  electricity  should  not  have  corre£^pondta| 
forces. 

In  conclusion,  I  have  only  to  thank  youfor^^our  kind  vote  of  thanki 
I  owe  to  your  President  a  debt  of  gratitude  for  the  great  assistance  h* 
gave  me  during  the  time  that  he  was  connected  with  the  CaveDdisih 
Laboratory ;  and  I  felt  that  in  acceding  to  his  request  to  lecture  hcjt 
I  was  able  in  some  measure  to  repay  that  great  debt  of  gratitude. 

Ttie  meeting  adjourned  at  9,30  p,m. 
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Proceedings  of  the  Four  Hundred  and  Fifty-Third 
Ordinary  General  Meeting  of  the  Institution  of 
Electrical  Engineers,  held  in  the  Rooms  of  the 
Institution  of  Civil  Engineers,  Great  George 
Street^  Westminster,  on  Thursday  evening, 
March  7,  1907 — Dr,  R.  T.  Glazkhhook,  F.  R.S-, 
President,  in  the  chair. 


The  minutes  of  the  Ordinary  General  Meeting  held  on  February  21, 
1907,  were  tiiken  as  read  and  confirmed. 

The  li^t  of  candidates  for  election  into  the  Institution  was  taken 
iis  read,  and  it  was  ordered  that  it  shotitd  be  susptindcd  in  the  Library. 

The    following  htit  of    transfers   was  publij^hed  as   having   been 
approved  by  the  Council : — 

TRAKSFER3, 

From  the  class  of  Associates  to  that  of  Members i— 
Percy  B.  Crowe.  |      Chas.  W.  G.  Little. 

From  the  class  of  Associates  lo  that  of  Associate  Membiers :— 
Reginald  Norman  Torpy, 

_  From  the  class  of  Students  to  that  of  Associate  Members  : — 
Gilbert  Moss, 


[Donations  to  the  Library  were  announced  as  having  been  received 

f-^  the  last  meeting  from  C.  G.  AUinghani,  A.  C.  Cormack,  Messrs. 
:hier-Vi liars,  E,  G*  Hillier,  The  University  of  Manchester ;  to  the 
ding  Fund  from  R  H.  Biirnhamp  W.  W.  Cook,  j;  F,  Henderson, 
J.  Shei5,  J.  C.  Smail,  J,  M.  Smyth  ;  and  to  the  Bcnevoknl  Fund  from. 

! .  Gibbs.  C,  J.  WawOi  to  whom  the  tlianks  of  the  meeting  were  duly 

^ded. 

V^OL.  88.  Bl 
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The  President  :  All  members  of  the  Institution  will  have  read, 
I  am  sure,  with  the  deepest  grief  and  sorrow  of  the  death  of  M.  Henri 
Moissan.  Though  he  was  not  actually  a  member  of  our  Institution, 
his  work  for  electrical  science  has  been  so  great  and  of  such  vast 
importance  that  you  will,  I  trust,  think  the  Council  are  doing  right  in 
sending  to  his  representatives  a  statement  of  their  sense  of  the  loss 
electrical  science  has  sustained  by  his  death,  and  that  I  am  right  in 
bringing  this  matter  to  your  notice  and  asking  for  your  approval  of 
the  action. 

The  following  paper  was  read  and  discussed,  and  the  meeting 
adjourned  at  9.40  p.m. : — 
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THE  TRANSMISSION  OF  ELECTRICAL  ENERGY 
BY  DIRECT  CURRENT  ON  THE  SERIES 
SYSTEM- 

By  J.  S,  High  FIELD,  Member  of  CoLinciL 

:{Paper  read  March  7,  1907*) 

It  is  long  since  series  systems  of  transmission  were  used  for  arc 
lighting  with  direct  and  rectified  currents  of  constant  value,  and  small 
power  transmissions  have  been  put  down  consisting  of  two  series 
machinsSp  the  one  running  as  generator  and  the  other  as  motofi  but 
with  the  exception  of  a  number  of  installations  erected  in  Switiserland 
and  elsewhere  on  the  Continent,  most  of  them  of  comparatively  small 
size,  the  parallel  alternate-current  system  has  been  used  for  all  trans- 
mission work. 

The  ease  v\;ith  which  the  pressure  of  an  alternate  current  can  be 
altered,  and  the  simpHcity  of  the  apparatus  required  for  the  purpose, 
the  solidity  of  the  generator  construct  ion  ^  and  the  convenience  of 
parallel  working,  will  probably  cause  this  system  to  hold  its  present 
field.  When,  however,  very  long  transmission  systems  are  necessary, 
involving  the  use  of  very  high  pressures,  many  difficulties,  chiefly  due 
to  impedance  and  capacity  of  the  line,  are  encountered*  These  diffi- 
culties have  been  recognised  and  pointed  out  by  various  authorities, 
but  by  the  exercise  of  great  skill  they  have  been  largely  overcome* 
They  can,  howeverj  be  eliminated  only  by  the  use  of  direct  current, 
and  in  view  of  the  increasing  lengths  of  transmission  lines  and  of  the 
amount  of  power  transniitted  it  may  be  useful  to  examine  what  has 
been  done  in  this  direction  to  appreciate  its  advantages,  to  realise  its 
limitations!  and  particularly  to  compare  the  relative  value  of  alternate 
and  direct  currents  for  long-distance  power  transmissions. 

I  have  for  a  long  time  been  impressed  with  the  advantages  of  direct 
current  for  long-distance  transmissions,  but  during  the  last  two  years 
the  problem  was  directly  forced  on  my  attention  owing  to  the  fact  that 
the  company  to  which  I  am  engineer  has  obtained  certain  powers  of 
supply  in  a  very  large  area,  aggregating  300  square  miles,  with  a 
circumference  of^  roughly,  Wo  miles,  which  it  is  desirable  to  supply 
through  underground  mains  from  a  station  situated  on  the  circum- 
ference^ lo  this  case  it  at  once  became  apparent  that  the  cost  of  the 
cable  system  was  the  dominating  factor  in  the  problem,  and  therefore 
I  found  it  necessary  carefully  to  consider  any  system  which  offered  a 
saving  in  this  respect.    Consequently  I  have  very  closely  investigated 
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the  possibilitieis  of  the  direct*current  series  system  for  supplying  such  itn 
area.  In  studyiog  the  system  for  this  special  case  it  was  necessary  lo 
extend  the  investigations  into  its  possibilities  in  other  fields,  and  il  i^ 
owing  to  these  circumstances  that  this  paper  comes  to  be  writteni 

It  is  impossible  to  go  further  witliout  making  reference  to  M.  Thury^ 
wbo  has  for  years  steadily  worked  out  the  details  essential  to  the  direct* 
current  series  system,  and  has  since  1889^  when  he  put  down  his 
first  system,  designed  and  carried  out  schemes  of  gradually  increasing 
size  and  importance,  culminntinn*  with  the  Moutier-Lyon  system^  which 
was  put  to  work  last  year.  He  has  continually  increased  the  w^orkiog 
pressures  and  simplified  the  apparatus,  till  for  careful  attention  to 
det'iil  and  general  excellence  of  design  it  compares  favourably  with 
alternate- current  apparatus,  on  which  so  many  minds  have  for  yeaoi 
been  at  work. 


FtG,  I.— E.M.F*  Wave  Form  of  Alternator  umd  in  the  **  Comparative ' 

Experiments* 

Considerations  Affecting  Working  Pressure. 

in  considering  the  relative  advantages  of  alternate  and  direct 
currents  for  tong-dislance  work,  the  first  important  matter  to  consider 
is  which  of  the  two  systems  offers  the  greater  possibility  for  the  use  of 
hifjh  pressures.  It  is  quite  easy  to  produce  alternate  currents  at 
exceed in^ly  high  pressures  by  means  of  static  transformers.  In  order 
to  obtain  the  same  result  from  direct  current  it  is  necessary  to  put  the 
generators  in  series.  In  this  way  there  are  no  insurmountable  diflicu^ 
ties  in  obtaining  any  direct-currcut  pressure  at  which  the  line  could  be 
made  to  work. 

Until  recently  but  little  was  known  of  the  effect  of  direct  current  at 
very  liigh  pressures  on  insulating  materials,  and  since  there  was  much 
information  with  regard  to  the  effects  of  alternate  current,  it  became 
important  to  estabhsh  their  relative  breaking-down  effects*  To  this 
end  M.  Thury  built  five  machines,  three  giving  20,000  volts  direct 
current  each,  the  other  two  25,000  volts  each,  The  machines  were 
built  with  fixed  commutators  and  armatures  and  revolving  brushes 
and  fields,  and,  although  the  volts  between  the  sections  of  the  commu* 
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tator  were  abotit  500,  the  machines  worked  most  successfully*  The 
current  was  about  i  ampere*  In  order  to  compare  the  difference 
between  alternate  and  direct  currents  a  75*kAV*j  50- rv  machine  was 
used.  Fig.  i  shows  the  E.M.F,  wave-form.  It  will  be  noted  that  the 
curve  is  rather  flat  as  compared  with  that  given  by  most  machines,  and 
this,  together  with  the  fact  that  the  number  of  commutator  segments  in 
the  direct  current  machines  was  comparatively  small,  giving  a  sHght 
waviness  to  the  direct  current^  caused  the  results  somewhat  to  favour 
the  alternate  current. 

It  is  not  necessary  to  give  the  results  of  these  tests  in  detail,  but 
shortly  it  may  be  said  that  experiments  were  made  by  applying  pres- 
sure to  many  types  of  porcelain  insulators  and  to  sheets  and  blocks  of 
common  insulating  materials. 

The  first  noticeable  difference  is  that  insulators  which  heat  tip  on 
the  application  of  alternate  current  do  not  heat  with  the  application  of 
direct  currenti  Further,  no  crackhng  or  brush  discharge  takes  place 
in  the  neighbourhood  of  breakdown  in  the  case  of  direct  current  ; 
60,000  volts  direct  current  will  not  break  down  ordinary  telegraph 
insulators  provided  they  are  well  vitrified  and  generally  of  good 
quality. 

Tests  were  made  on  sheets  of  presspahn  ;  the  samples  used  were 
5  mm,  thick,  and  the  tables  hereunder  show  the  sort  of  results  obtained. 
These  may  be  taken  as  typical  of  tests  made  on  various  other  insulators. 

I,  Sheet  of  presspahn,  5  mm.  thick,  alternate  current  i — 


TeiL 

Lxog^  fit  PrtMiurc 
ApplJcaUoii. 

Pressure. 

Obfieiratimja, 

I 

3      ' 

Ti  minutes  „, 
30  seconds     ... 

2  minutes     ... 
15  seconds  later       ..*    , 

9.000  volts 
u, 000  volts 

9,000  volts 
9,000  volts 

Punctured* 

Strong  discharge. 
Punctured* 

\ 


2,  A  similar  sheet  of  presspahn,  tested  with  direct  current : — 


Letigth  of  Pnnare 

^"fvniR. 

Qbicrirattpni. 

2  minutes 
2  minutes 

2  minutes 
2  minutes 
4  minutes 

10,000  volts 
15,000  volts 
18,000  volts 
20,000  volts 
25,000  volts 

Punctured. 

The  above  samples,  after  being  twice  punctured  with  alternate 
current    with    an    average    of  2    minutes'   duration  of  pressure  at 
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lOfOoo  volts,  stcK)d  a  pressure  of  about  151OOQ  volU  direct  car renti  and 
broke  down  only  aftt;r  a  further  appUcatiou  oi  25.000  volts  direct 
current  for  4  minuteii. 

3.  Slabs  of  marble  20  mm,  thick  were  tested  ;  these  punctured  afler 
75  seconds'  exposure  to  alternate  current  at  20«ooo  volts,  or  .iftt:r 
2  minutes'  exposure  to  alternate  current  at  15,000  volts. 

Direct  current  was  applied  for  15  minutes,  starting  at  10,000  volts 
and  increasing  gradually  by  increments  of  5,000  volts  at  a-uiinule 
intervals  to  45,000  volts^  when  puncture  took  place- 
Further  tests  were  made  to  ascertain  the  relative  sparking  distances 
of  alternate  and  direct  currents,  and  the  results  of  some  of  the  i^h 
are  set  out  in  the  form  of  curves  in  Figs.  2  and  3.  It  will  be  noted 
from  these  that  the  sparking  distance  with  the  same  pressure  is  about 
twice  as  great  with  alternate  current  as  w*ith  direct  current,  A^  a 
result  of  many  tests  made  it  may  be  taken  that  a  direct-current  pressure 
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Fig.  2.— Curve  of  Sparking  Distances  (Alternating  Ctirrent,  50  rvji. 
a,  sphere  to  Sphere,    K  Plate  to  Spliere.    c  Plate  to  Point, 

at  least  twice  as  great  as  an  alternate-current  pressure  may  be  used  on 
the  same  insulators  and  the  ^me  cable. 

The  photograph,  Fig,  4,  shows  one  of  the  poles  used  on  the 
Lausanne  line,  which  carries  4,476  HiF*  35  miles.  It  is  not  imposing, 
but  appears  to  be  quite  adequate,  and  by  comparison  makes  much 
work  at  home  appear  unduly  expensive.  The  insulators  are  quite 
small,  but  many  careful  measurements  with  20,000  volts  between  the 
line  and  earth  show  that  on  a  very  damp  and  foggy  day  the  total  loss 
over  3,000  insulators,  together  with  lightning  arresters,  amounts  only 
to  866  watts. 

It  is  a  simple  matter  to  work  a  direct-current  system  on  the  eqitn;*- 
lent  of  a  3<wire  system^that  ts  to  say,  the  middle  point  of  the  system 
is  connected  to  earth  so  that  one  line  is  worked  at  a  pressure  above 
earth  and  the  other  hue  at  a  pressure  below  earth.  In  this  waj%  there- 
fore, and  using  the  same  insula!  ion /the  effective  direct -current  prcssurt 
can  be  doubled. 
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It  has  been  found  practicable  to  work  overhead  lines  with  alternate 
current  at  60*000  volts  across  the  wires  of  a  j-phasc  system,  say,  40,000 
volts  above  earth.  It  would  therefore  be  equally  possible  to  work 
with  direct  current  at  80,000  volts  above  earlU^  or  at  160,000  volts 
between  wires. 

With  the  exception  of  a  short  length  on  one  sviitem  alt  the  Thury 
lines  ha%^c  been  worked  with  overhead  wires,  but  on  systems  where  it 
IS  essential  to  carry  the  mains  underground  the  advantage  of  the  series 
system  over  an  alternate'Current  system  is  much  enhanced. 

There  is^no  special  difficulty  in  making  a  single-core  cable  to  work 
with  direct  current  at  60,000  volts  pressure  to  earth  ;  therefore,  with 
two  such  cables  an  effective  pressure  of  120*000  volts  can  be  obtained. 
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Flci.  3.— Curve  of  Spaikiitg  Distances  (Direct  Current). 

A.  sphere  to  SpJicft,    J?*  Pofnt  -  lo  Plalr  +.    C  Pble  +  Sphere  -  and  Plate  -  Sphere  +. 
D.  Point  +  Plate-. 

This  cable  can  be  more  easily  built  than  a  3-core  cable  to  work  with 
20,000  volts  between  conductors. 

Compared  with  a  3- phase  Hne  it  may  shortly  be  said  that*  apart 
aJtogetber  from  the  lesser  difhculties  of  miiulation,  the  overhead  line 
carries  two  conductors  instead  of  three^  and  the  underground  system 
consists  of  one  twin  or  two  single- core  cables  against  one  Lhree-cored 
cable  ;  In  addition^  and  chiefly,  all  capacity  and  self-induction  difficul- 
ties are  avoided,  however  long  be  the  line  ;  in  fact^  so  far  as  electrical 
difRcuhies  count,  the  line  may  be  of  any  length. 

The  actual  prei^sures  hitherto  used  arc  shown  in  Table  I.  (p.  489), 
which  sets  out  the  important  features  of  schemes  that  have  treen  in 
operation  for  several  years.    It  will  be  noted  that  the  highest  presi>iire 
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actually  in  use  to-day  is  sS^cxjo  volts  on  a  3- wire  systein,  thai  is»  29,000 
volts  above  and  below  earth  j  the  line  was  tested  with  a  pressure  of 
ioO|00o  voUs  above  earth. 

Series  and  Parallel  Systems. 

In  all  his  systems  M.  Thury  uses  a  constnot  current^  as  this  greatlr 
simplifies  the  design  of  tha  generators,  motors,  and  regulating  appi- 
fatus  ;  and,  as  will  be  showti,  the  line  losses  due  to  this  constant  currmt 
have  a  very  small  money  value.  In  most  of  these  systems  the  main 
transmission  line  is  taken  into  manufaclorcrs*  and  other  private  pre- 
mises in  order  to  work  motors  for  their  use.  In  such  cases  11  i& 
generally  necessary  to  keep  the  line  current  constant  throughout  the 
twenty-four  hours,  as,  of  course,  any  reduction  in  the  line  current 
would  reduce  the  possible  output  from  each  machine,  although  the 
speed  would  not  be  varied*  When,  however,  the  system  consists  oi 
generating  stations  transmitting  to  sub- stations  where  the  whole  of  the 
series  hue  and  plant  is  under  one  control,  and  where  all  the  consumers* 
supply  is  given  on  the  secondary  side,  then  it  is  not  necessary  to  mam- 
tain  tbe  current  constant  throughout  the  tw*enty-four  hours,  but  tlie 
current  during  light-load  times  may  be  reduced  by  about  3operceot., 
thus  considerably  improving  the  efficiency  of  the  line.  The  genenitor* 
and  motors  are  connected  in  series  along  the  transmission  line,  the 
generators  not  necessarily  toeing  in  one  station,  but  in  two  or  more 
stations. 

It  is  so  usual  now  to  think  of  parallel  working  that  it  may  be  useful 
at  this  stage  to  point  out  shortly  the  differences  between  it  and  scries 
working*  These  are  of  two  classes,  namely,  the  differences  which 
affect  the  working  and  those  which  affect  the  initial  desfgn  oi  the 
system. 

Dealing  with  the  working  differences  first :  Fig.  5  sbows  dia- 
grammatically  a  series  system  consistingof  three  generators  and  several 
motors^  and  Fig.  6  a  single-series  generator  and  motor,  swif  che:^,  and 
all  instruments.  The  generators  and  motors  are  switched  in  series  by 
means  of  a  4-way  switch  shown  diagram matically.  When  no  plant  b 
running  each  machine  is  short-circuited,  and  the  line  is  connected  ioa 
single  loop.  To  sw^itch  in  a  generator  the  machine  is  run  up  until  it 
gives  the  proper  Une  current.  The  switch  is  then  opened,  leaving  the 
generator  connected  in  series  with  the  tine,  through  which  a  constant 
current  then  flows. 

To  connect  in  a  motor  the  switch  is  opened  so  as  to  allow  a  con- 
stant current  to  flow  through  the  motor,  and  the  brushes— which  have 
bi:cn  in  the  non* working  position— are  then  rocked  back  so  as  lo  aiuse 
the  motor  to  start ;  it  is  run  up  to  speed  by  continuing  to  rock  the 
brushes.  When  at  full  speed  the  automatic  regulator  gear  takes  chargCt 
and  by  varying  the  brush  position  maintains  the  speed  consiaiiL  Other 
motors  and  generators  are  run  up  in  the  same  way  as  the  load  increases. 
To  shut  down  a  motor  the  brushes  are  slowly  brought  round  to  tbe 
non- working  position  so  that  the  machine  stops,  and  its  short*circuitmg 
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switch  is  then  closed.  The  getierators  are  shut  down  in  tlie  same  way. 
As  the  load  mcreases  the  total  rcststanct;  in  circuity  and,  of  course,  the 
counter  E.M.F*  of  the  motors,  steadily  increase,  so  as  to  call  for  a 
greater  pressure  at  the  power  station. 

The  effect  of  a  short-circuit  is  to  remove  the  load*  and,  provided 
the  short-circuit  is  not  put  on  too  suddenly^  the  reguJator  gear  can 
reduce  the  voltage  so  as  to  maintain  the  line  current  at  its  proper  con* 
stant  value.  To  provide  for  sudden  short-circuits  the  generators  are 
coupled  to  the  prime  movers  through  a  friction  coupling,  which  slips 
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Fig.  5-— Diagram  of  Connections,  showing  all  Switches  and  Instrumenti 

for  One  Mo! or  and  Ont:  d^nerator* 

Fig.  6.— Di^igram  of  JSeries  Di  reel -Current  System. 


when  the  torque  exceeds  the  full  load  torque  by  20  per  cent.  This 
slipping  allows  sufficient  time  for  the  automatic  gear  to  work^  ^o  that  no 
damage  is  done  to  the  plant.  One  important  advantage  of  the  series 
system  is  that  failure  of  a  prime  mover  resulting  in  the  shutting  down 
of  a  generator  does  not  interfere  with  the  siipply,  and  no  automatic 
gear  IS  required  to  provide  for  such  a  contingency,  as  the  current 
continues  to  flow  through  the  shul*down  machine. 

Consider  now   the  second  class  of  diiliTences  which   a0ect  the 
design  of  the  system.    The  simplest  systems  to  lay  out  are  those 
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where  mn  ascertained  load — not  subject  to  increase — ^is  to  be  supplied. 
In  such  a  case  I  he  problem  is  equally  easy  with  the  series  system  ^i 
with  the  parallel  system*  Account  must  be  taken  of  the  aniount  of  the 
load  and  its  distance  from  the  power  station,  the  working  pressnTe,  the 

size  of  unit  Si  and  the  current  density  in  the  conductors. 

So  far  as  both  systems  are  concerned,  the  considerations  whicb 
decide  the  pressure  of  supply  are  the  same,  but  in  the  case  of  I  he 
direct'Current  series  hue,  owing  to  the  fact  that  the  cost  of  insulation 
is  considerably  less,  under  the  same  conditions  it  will  usually  be  foimd 
cheaper  to  work  at  a  considerably  higher  pressure. 

With  regard  to  the  size  of  the  unit,  in  the  parallel  system  there  is 
no  difficulty  whatever  :  the  number  of  units  can  be  readily  decided  on 
so  as  to  allow  a  proper  margin  of  spare  plant,  aud  the  total  number  d 
machines  is  at  once  fixed  without  any  other  con£>ideration.  In  tbe 
series  system,  however*  the  limiting  cf  the  pressure  per  machine  is  an 
additional  and  important  factor. 

Series  machines  giving  from  2,OD0  to  3,000  volts  on  one  commutator, 
according  to  the  size  of  the  machine,  have  been  w*orking  successfully 
for  years,  and  for  large  machines  it  would  he  possible  to  go  up  to  about 
6,000  volts  on  one  commutator.  The  sixe  of  a  single  unit  is,  therefore, 
restricted  both  by  the  permissible  pressure  per  machine  and  by  the 
value  chosen  for  the  line  current.  In  many  cases  two  machines 
may  be  coupled  to  one  prime  mover,  thus  doubling  the  saxe  of 
the  unit. 

As  has  been  shown,  100,000  volts  is  a  perfectly  possible  worldng 
pressure  ;  therefore  500  amperes  in  the  line  will  transmit  50,000  kilo- 
watts. At  this  current  each  machine  could  be  built  to  give  5,000  voltl^ 
and  by  driving  the  generators  in  pairs  the  size  of  each  steam  unit  woulil 
be  5,000  kilowatts,  and  10  units  w^ould  be  required.  If  it  be  desired  for 
any  reason  to  work  with  a  smaller  number  of  generators  this  can  be 
done  only  by  reducing  the  line  pressure  and  increasing  the  current 
When,  how^ever,  the  usual  class  of  scheme  is  considered*  namely,  one 
where  the  business  starts  on  a  small  scale  and  slowly  increases  to 
lirge  scale,  more  particularly  In  a  scheme  where  it  is  difficult  to  pre 
diet  what  will  be  the  ultimate  extent  of  the  demand,  then  betwteu 
the  scries  and  parallel  systems  there  are  important  differences 
consider. 

In  the  parallel  system,  provided  the  area  be  reslricted,  the  pressure 
is  decided  according  to  the  distance  to  which  energy  is  to  be  trans- 
mitted. The  rate  of  transmission  is  not  important,  the  undertaking 
starting  with  small  unils^  units  of  increased  siise  being  added  as  re- 
quired. The  distance,  however,  to  which  energy  oin  be  carried  is  at 
once  limited  by  the  pressure  adopted. 

With  the  series  system,  on  the  other  hand»  if  at  the  start  the  load  be 
relatively  small,  and  only  a  small  hue  current  be  therefore  required, 
diBiculties  arise.  Since  the  line  current  practically  determines  the 
maximum  size  of  the  unit  to  be  adopted,  it  follows  that  the  size  of 
the  unit  is  settled  for  all  time  unless  the  hue  current  be  incre;ised. 
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and  increasing  the  line  current  involves  the  chanj^ing  of  the  whole  of 
the  machines.  It  is^  therefore^  usually  necessary  to  adopt  a  larger 
line  current  than  is  immediately  required,  resulting  in  larger  percentage 
line  lost^es  in  the  first  years  of  the  undertaking* 

This  difficulty  may  be  got  over  by  uj^ing  two  machines  to  form  each 
main  and  sub-station  unit.  In  the  early  stages  each  pair  of  machines 
is  coupled  in  series,  thus  working  with  half  the  ultimate  line 
current  with  one  Une.  Subsequently,  as  the  load  increases  a  second 
line  is  erected  to  work  in  parallel  with  the  first ;  at  the  same  time  the 
two  machines  forming  each  unit  arc  coupled  in  parallel,  thus  doubling 
the  current  and  the  capacity  of  the  system.  This  method  involves 
some  extra  cost  in  the  first  years  of  the  business*  due  to  using  double 
motors  for  driving  each  sub-generatorj  which  motors  are  used  first  in 
series  and  subsequently  in  paralleh  It  would,  of  course,  be  used  only 
with  long  and  expensive  lines.  It  is  used  on  the  Moutier-Lyon  line, 
the  current  in  the  first  years  being  fixed  at  75  amperes,  subsequently 
to  be  increased  to  150  amperes. 

The  current  density  in  the  conductors  must  be  decided  according 
to  the  energy  and  volt  losses  that  may  he  permitted.  In  the  parallel 
system  they  should  not  be  too  high,  otherwise  the  full  locid  losses  are 
great,  resuhing  in  bad  regulation  :  also  it  must  be  remembered  that 
the  energy  losses  at  max i mum  load  have  a  great  money  value,  and 
to  ascertain  their  true  importance  it  is  necessary  to  determine  exactly 
what  this  may  be. 

In  systems  supplying  from  water-power  stations  or  from  economical 
steam  stations  the  apparent  lower  energy  efficiency  in  the  line  is  not 
of  any  importance  ;  where  the  cost  of  energy  is  high,  however,  it  may 
become  important.  In  the  latter  case  it  will  usually  be  necessary  to 
work  at  a  lower  current  density  with  the  series  system  than  with  the 
parallel  system. 

The  percentage  loss  due  to  the  direct  constant  current,  in  many 
cases,  appears  to  be  large,  but  it  must  be  remembered  in  all  such 
cases  that  the  important  matter  is  the  percentage  money  loss.  It 
is  like  many  other  problems  in  engineering,  which  when  considered 
purely  from  a  scientific  point  of  view  appear  to  be  of  importance,  but 
are  not  so  when  considered  commercially. 

In  Fig,  7  are  set  out  in  the  fcrm  of  curves  the  line  losses  at  various 
values  of  the  Une  current  and  at  various  loads  and  load  factors,  in  all 
cases  the  current  density  being  fixed  at  500  amperes  per  square  inch 
and  the  line  pressure  at  loo^ooo  volts.  From  the  curves  it  will  be  seen 
that  for  a  system  designed  for  any  maximum  output  at  loo^ooo  volts 
and  500  amperes  density  per  square  inch  when  fully  loaded  the  line 
loss  -wiU  be  o"44  per  cent*  per  jo- mile  run  at  roo  per  cent,  load  factor 
dDd  176  per  cent,  at  25  per  cent,  load  factor,  or  if  the  maximum  at 
first  amounts  only  to  25  per  cent,  of  the  maximum  load  for  which  the 
sy!=tem  was  designed  at  100  per  cent,  load  factor^  the  energy  loss  is 
176  per  cent,  and  at  2$  per  cent,  load  factor  7*04  per  cent.  The  curves 
arc  useful  in  determining  the  proper  line  current  to  use  for  any  fixed 
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or  increasing  Lc^d  at  \arying  load  factors.  If  the  pressure  be  reduced 
to,  sa>%  one-half,  the  distance  for  which  the  ^gtires  are  ghreii  m^ 
of  course^  be  similarly  reduced. 

In  the  above  curves  no  account  has  been  taken  of  the  fact  that  th^ 
line  current  may  at  times  of  light  load  be  reduced  by  some  30  per 
cent,  ;  if  this  were  done^  of  course  the  line  efficiencies  wcrald  he 
increased. 

In  shorty  ^.ch  system  must  be  decided  on  by  taking  intoaccotist 
the  many  ^^artables  in  the  problem,  but  it  is  hoped  that  these  few  nc9k( 
will  show  w^hat  care  is  necessary  in  deciding  on  the  proper  line 
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in  fact»  it  is  a  more  important  matter  than  any  decision  that  has  to  I 
come  to  in  laying  out  a  parallel  system. 


Transmission  System, 

The  system  can  be  worked  either  as  an  ordinary  2-wire  system  wul 
both  poles  insulated,  as  a  a*  wire  system  using  earth  as  the  ret  urn ,  or  as 
a  3-wire  system  using  the  earth  as  the  middle  wire* 

Where  the  pressure  between  the  wires  does  not  exceed  25,000  i-olts 
it  is  usuaUy  cotivenicnt  to  work  with  a  2-wire  system,  both  poics  hdwg 
insulated,  t lie  line  and  other  insulation  of  the  system  being  sufhcicnltj 
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good  to  stand  family  the  full  pressure  of  a$t00o  volts  when  one  end  of 
the  scries  of  generators  is  grounded.  In  this  case»  should  an  insulator 
break,  or  from  any  other  cause  one  point  on  the  system  become  con* 
nee  ted  to  carthj  no  interruption  will  be  caused.  Further  than  this,  the 
breakdown  can  be  very  conveniently  repaired  by  temporarily  grotmdinj^ 
the  whole  system  at  two  points,  one  on  each  side  of  the  accidental 
earth.  The  damage  may  then  be  made  good  in  perfect  safety*  the 
current  flowing  either  through  the  earth  or  through  the  damaged  con- 
ductor at  the  time.  When  all  is  in  order,  the  two  earths  are  removed 
and  the  circuit  is  worked  as  before.  This  method  is  regularly  used  in 
repairing  the  Thury  lines  in  Switzerland*  It  should  be  remembered 
in  this  connection  that  the  current  dealt  with  is  usually  quite  small, 
probably  not  exceeding  200  amperes^  and  that  it  is  a  constant  direct 
current ;  therefore  no  trouble  is  caused  on  telephone  and  telegraph  lines. 

Another  convenience  of  the  2-wire  system  is  that  when  connections 
are  made  to  the  line  or  other  work  is  required  at  any  part  of  the 
system  that  point  may  be  earthed* 

In  the  3' wire  system  the  generators  are  divided  into  two  approxi- 
mately equal  groups,  and  the  middle  point  is  connected  to  earth*  This 
^irth  connection  serves  to  limit  the  pressure  at  either  side  of  the  hne 
to  half  the  working  pressure,  so  that  wnth  the  same  quality  of  insulation 
the  working  pressure  may  be  doubled.  Thus,  if  tlie  system  be  started 
up  as  a  2 -wire  system,  it  is  necessary  only  to  connect  to  earth  the 
middle  point  in  order  to  enable  the  output  to  be  doubled. 

The  system  is  not  quite  so  safe  as  the  2-wire  system^  as  in  case  of 
an  earth  in  some  part  of  the  line,  except  where  the  earth  divides  the 
motors  into  two  nearly  equal  groups,  some  part  of  the  plant  will  be 
stopped,  the  worst  condition  being  when  the  earth  occurs  near  the 
power  station,  when  half  the  supply  will  be  slopped. 

With  the  use  of  direct  currents  of  comparatively  small  value,  it 
might  be  posstblej  in  open  country  districts,  to  use  the  earth  as  the 
return  conductor.  It  would,  of  course,  be  necessary  to  make  the  eartt) 
connections  in  such  a  way  that  they  were  not  rapidly  destroyed  by 
electrolysis.  As  compared  with  the  3-wire  system,  with  the  same 
total  loss,  one -quarter  of  the  line  copper  would  be  required,  since 
the  resistance  of  the  earth  is  negligible. 

To  fijc  ideas  consider  an  actual  case  :— 

Assume  that  power  to  I  he  extent  of  10,000  k*w,  is  to  be  transmitted 
over  a  distance  of  100  miles,  the  current  being  200  amperes  and  the 
pressure  50,000  volts,  with  two  cables  of  0*31  sq.  in*  section  weighing 
approximately  i,  188,000  lbs*  the  loss  would  he  10  per  cent*  Allowing 
for  the  same  loss  and  using  the  ground  for  the  return,  the  conductor 
could  be  reduced  to  o'lS^  sq*  in,  section,  the  total  weight  of  copper 
toeing  297,000  lbs.  Using  the  earth  as  the  neutral,  thus  enabling  the 
pressure  to  be  increased  to  100,000  voUs,  the  hne  current  could  he 
reduced  to  too  amperes,  and  the  line  would  consist  of  two  conductors 
of  o-€»775  sq,  in.  section  w^eighing  297,000  lbs, 

Thi^  system  would  cost  more  than  the  2* wire  earthed  system  ;  on 
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the  other  hand  it  would  be  safer^  since  failure  at  one  point  would  no! 
lay  off  the  whole  supply. 

In  order  to  ascertain  what  effect  the  continuous  use  of  th^  esuib 
as  a  conductor  has  on  neighbouring  telephones  and  other  circnit^L, 
and  whati  if  an>%  unexpected  difficulties  existed^  experiments  were 
carried  out  in  the  early  part  of  1902  on  the  St*  Maurice*LausanDe 
transmission  line,  where,  on  several  occasions,  the  whole  of  the  stipplt 
has  been  transmitted  at  a  pressure  of  33,000  volts  along  one  of  the 
insulated  transmission  hnes,  using  the  lightning  arrester  earth  conncc* 
tions  as  the  return.  The  only  difference  observed  as  l>etvtcen  using  the 
double  line  and  single  line  with  earth  return  is  that  the  LoiS  is  le^  ia 
the  latter  case. 

Further  experiments  were  made  at  Laucey  by  a  Commission  formed 
by  the  French  Government,  These  experiments  were  carried  out  at 
Laucey  in  conjunction  with  M,  Thury,  the  line  current  being  no 
amperes  ;  thev  conlirmed  those  made  at  St.  Maurice^  the  loss  being  in 
proportion  to  the  current  density f  the  electrified  zone  extending  only 
a  very  short  distance  into  the  ground.  The  drop  in  voltage  was 
felt  only  in  the  immediate  neighbourhood  of  the  earthed  plates. 
No  dislurbances  were  apparent  either  in  the  telephone  or  telegr^pli 
services. 

In  order  to  avoid  any  disturbance  near  the  ground  surface  which 
might  cause  damage  to  local  pipes  or  other  metal  work,  the  ground 
connection  can  conveniently  be  made  by  making  a  well  of  suffi- 
cient depth  to  get  clear  of  any  surface  metal  work  and  to  get  into 
a  good  conducting  stratum  >  A  mass  of  metal  can  be  fixed  at  the 
bottom  of  the  well,  and  connection  can  be  made  to  it  by  means  of  an 
insulated  cable.  In  this  way,  with  the  small  currents  used,  in  any 
ordinary  formation,  no  disturbance  would  be  caused  anywhere  near 
the  surface. 

Description  of  thk  Coxstan't-Current  Series  Svstem. 

A  description  of  an  actual  modern  series  system  divides  itself 
naturally  into  three  heads,  viz,  2  (1)  The  power  station  ;  (a)  the  line; 
and  (3}  the  sub-station. 

Since  one  of  the  generators  must  bear  the  maximum  difference  of 
potential  between  the  line  and  earth,  it  would  be  impossible  to  insulate 
armature  and  field  windings  to  carry  the  very  high  pressures  required, 
and  therefore  a  radical  departure,  really  a  reversion  to  older  pracliccj^ 
followed,  and  the  whole  frame  of  the  generator  is  insulated  from  earth, 
and  the  armature  is  coupled  to  the  prime  mover  by  an  insulating 
coupling ;  then,  to  secure  safety  to  the  attendants  it  is  necessary  also  to 
insulate  the  whole  engine-house  floor,  and  to  an*ange  thai  it  is  impos- 
sible to  touch  any  part  of  the  generators  and  make  earth  al  the  same 
time.  These  considerations  involve  difficulties  which  are  overcome  in 
the  following  manner  :  Fig.  8  shows  a  section  of  the  engine-bouse  with 
its  insulating  floor,  consisting  of  a  thick  layer  of  asphalte  concrete  and 
a  thin  layer  of  pure  asphaJle,     It  is  a  simple  matter  to  insulate  for  any 
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pnicticabk  working  pressure.    The  machines  are  carried  on  insulators 

shown  in  the  drawing,  and  an  insulating  coupling  serves  to  coople  the 
machine  to  the  prime  mover.  Ordinary  Zodal  or  RaiTard  oouphngs  are 
commonly  used,  andj  in  some  cases^  two  discs  with  pins  carrying  hard 
rubber  blocks. 

With  this  method  of  insulation  it  is  quite  safe  to  handle  the 
whole  of  the  high-tension  gear»  to  clean  commutators  and  the  like ;  tn 
fact,  the  attendants  treat  the  machines  just  as  if  tl>ey  worked  at  low 
pressure. 

The  line  switchboard  contains  one  line  ammeter^  one  voltmeter  b 
show  the  total  volts,  and  switches  to  cut  out  the  line  if  required  ;  als<v 
of  course  J  for  overhead  work,  lightning  arresters  lire  required,  Tbc 
total  number  of  cables  leaving  the  station  is  u^^ually  two,  but  four  might 
be  used,  arranged  two  in  parallel,  if  thought  advisable.  Of  cour!.e, 
if  the  earth  were  used  as  the  return,  only  one  cable  would  be  requirixL 

The  SAvitch  gear  is  of  the  simplest  description  ;  each  machine  is 
controlled  by  a  switch  pillar,  shown  in  Fig*  9,  containing  a  4-poitU 
switch,  a  voltmeter^  and  an  ammeter. 

It  must  be  remembered  that  in  nearly  all  the  systems  carried  out  by 
M»  Thury  the  generators  are  driven  by  water  turbines.  In  his  later 
tnstalJationSj  in  addition  to  the  insulating  coupling,  a  friction  coupling 
is  used  which  slips  at  an  overload  of,  say,  20  per  cent,  i  this  saves  damage 
to  the  generators  due  to  very  sudden  short-circuits.  A  further  reference 
will  be  made  to  this  matter. 

Generally  speaking,  there  are  two  ways  to  design  an  cleetrieal 
system— one  is  to  put  in  sufficient  spare  machines,  cables,  and  safety 
devices,  so  that  if  some  part  of  the  plant  or  cables  breaks  down  the 
safety  devices  cut  out  the  defective  gear  and  prevent  dislocation  of  the 
entire  supply. 

In  the  early  days  of  central  stations,  when  plant  was  not  so  good  as 
it  is  to-day,  this  principle  prevailed  throughout,  even  to  the  point  of 
providing  duplicate  steam  pipes  and  stop  valves. 

The  later  and  far  superior  method  is  to  put  in  less  spare  gear  and 
install  the  plant  in  a  better  manner^so  that  it  is  not  likely  to  break  down, 
and  to  dispense  with  safety  devices  as  far  as  may  be. 

With  the  series  direct -current  system  it  is  impossible  to  use  more 
than  one  line  out  of  a  small  station,  and  perhaps  two  lines  out  of  a 
large  station,  and  the  system  docs  not  lend  itself  to  a  large  number  o( 
automatic  contrivances  such  as  are  generally  used  in  the  parallel 
system,  which,  by-the-by,  very  seldom  operate  in  the  way  intended.  It 
is  therefore  necessary  to  install  the  cable  system  in  the  strongest 
possible  vtay,  so  that  the  chances  of  failure  are  removed.  Similar  care 
should  be  taken  in  the  design  of  the  station  plant  and  of  the  Httlc 
switch  gear  and  aceess^ory  apparatus  required. 

The  safely  devices  hitherto  used  arc  as  follows :  The  generators  are 
provided  with  a  short-circuiting  switch,  which  is  closed  mecbanicaUy 
and  automatically  should  the   generators  reverse  their 
rotation  due  to  the  breakdown  of  the  prime  mover. 
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The  sfjpping  coupling  already  referred  to  protects  the  prime  mover 
from  the  generator  in  the  event  of  a  very  sudden  short-circuit^  and  it 
appears  to  be  a  device  of  great  utility*  It  should  be  remembered, 
however,  that  almost  the  whole  of  the  existing  aeries  systems  are  driven 
by  water  power,  which  is  by  no  means  an  ideal  drive  for  a  series 
generator.  A  series  generator  working  at  constant  current  requires  a 
constant-torque  motor  to  drive  it,  and  is  most  efficiently  regulated  by 
varying  its  speed  ;  the  torque  of  a  water  turbine  increases  as  the  speed 
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Fig.  9.~Gcnerator  Controlling  Gear  for  eo,ooo  Volts* 

is  reduced,  the  maximum  torque  being  about  twice  that  at  the  most 
efficient  speed.  Also,  with  constant  head^  to  maintain  maximum 
efficiency  the  water  turbine  should  run  at  constant  speed,  although  in 
the  existing  series  plants  the  regulation  for  convenience  is  carried  out 
by  varying  the  speed  of  the  turbines*  If,  however,  it  were  necessary 
to  maintain  maximum  efficiency  on  varying  loads,  it  is  preferable  to 
run  the  generators  at  constant  speed  and  to  regulate  by  varying  the 
position  of  the  brushes. 
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The  number  of  scries  generators  driven  by  steam  is  very  small,  the 
size  of  the  units  is  smatl^  and  therefore  there  is  not  much  experietice  on 
which  to  go^  but  since  the  torque  of  the  steam  engine  with  constant 
cut-off  is  constant,  and  does  not  increase  in  the  same  w^y  as  that  of  a 
water  turbine,  it  follows  that  the  necessity  of  the  stippiog  coupling  is 
not  nearly  so  great  in  the  case  of  the  steam  engine  as  with  the  wattt 
turbine.  Its  advantage  w^ould  be  that,  in  the  case  of  a  very  violent  short- 
circuit  sufficient  to  stop  the  generator  armature^  the  flywheel  effect 
of  the  moving  parts  of  the  steam  engine  would  not  get  further  than 
the  sUpping  couphng. 

For  the  motors,  the  only  safety  device  consists  of  a  short-circuitiiLg 
switch,  which  is  closed  by  a  solenoid  when  the  pressure  across  tht 
brushes  exceeds  a  predetermined  value.  This  provides  for  cutting 
out  tlie  motor  should  it  become  overloaded,  or  for  maintaining  lU 
continuity  of  the  line  should  some  accident  liappeti  to  the  motor 
windings* 

The  regulation  of  the  line  current  may  be  brought  about  either  by 
varying  the  speed  of  the  prime  mover,  the  position  of  the  brushes  t>eiDg 
constant^  or,  where  it  is  convenient  to  keep  the  speed  of  the  generators 
constant  J  by  varying  the  position  of  the  brushes.  In  either  case  the 
name  type  of  regulator  is  used.  It  consists  of  a  solenoid,  carrying 
the  whole  of  the  line  current  which  operates  an  armature  in  the  usiui 
way,  as  the  line  current  makes  small  variations.  The  armature  controls 
two  pawls  fixed  to  a  rocking  arm,  which  is  kept  in  continuous  move- 
ment by  means  of  a  smal!  motor.  Normally  when  the  current  is  at  its 
correct  value  both  of  these  pawls  arc  held  out  of  engagement  with  a 
wheelj  but  should  the  current  vary,  one  or  other  is  lowered  so  ^  to 
engage  with  the  notches  in  this  wheel  and  drive  it  eithcd-  forward  ot 
backward.  The  wheel  is  coupled  to  a  shaft  which  controls  tfec 
governors  on  the  turbines  or  prime  movers,  or  the  position  of  I  he 
brushes,  according  to  whether  the  machines  are  run  at  variable  or 
constant  speed.  In  the  case  of  a  3-wire  system  two  solenoids  are 
used,  connected  at  either  side  of  the  middle  point  of  the  system.  The 
motor,  which  gives  about  ^  H,P»,  is  coupled  in  series  with  the  main 
line^  a  resistance  being  coupled  in  parallel  as  the  motor  does  not 
require  the  whole  of  the  hue  current.  In  parallel  with  both  the  motcr 
and  resistance  are  two  or  three  secondary  cells,  so  that  in  the  case  01 
the  failure  of  the  line  current  the  motor  is  still  kept  running. 

The  arrangement  of  the  reguJating  gear  is  shown  in  the  photpgir»pht 
Fig.  10^  and  a  photograph  of  the  regulating  gear  in  Fig.  it. 

The  same  type  of  regulating  gear  is  used  for  controlhng  the  speed 
of  the  motors,  but  in  this  case,  in  place  of  the  little  motor  the  rocking 
arm  and  pawls  arc  driven  off  the  main  motor  shaft,  which  also  sene* 
to  drive  a  small  centrifugal  governor  which  controls  the  position  of  t!w 
pawls  in  place  of  the  solenoid  referred  to  above.  This  device  serves  to 
rock  the  brushes  by  means  of  ge^iring.  Should  the  speed  rise,  tht 
governor  operates  in  one  direction  so  as  to  reduce  the  kad  of  the 
brushes ;  similarly  when  the  speed  falls  the  other  pawl  come*  iato 
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action,  serving  to  increase  the  lead  of  the  brushes  and  to  maintain  the 
speed.  The  action  of  this  device  is  exceedingly  rapid  ;  His  arranged 
to  move  the  brushes  throughout  the  whole  range  in  5  seconds.  Dash- 
pots  are  used  on  these  regulators  to  secure  stabiUly  of  action, 

Fig»  12  shows  a  drawing  of  the  switch  column,  Fig.  13  a  photograph 
of  the  regulating  gear,  Fig.  14  being  a  photograph  of  two  of  the  Lyon 
motors  with  the  regulating  gear  in  position. 

In  the  earlier  systems  the  line  current  given  by  constant- speed  genera- 
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Fig.  1  a.— Motor  Controlling  Gear  for  60,000  Volts* 


tors  and  the  speed  of  motors  were  controlled  partly  by  varying  the  field 
and  partly  by  rocking  the  brushes,  the  same  regulator  taking  charge 
of  bothj  but  in  all  the  bter  machines  the  whole  of  the  regulation  is 
done  by  rocking  the  brushes.  The  machines  run  quite  sparklessly  in 
aU  positions  of  the  brushes.  This  is  brought  about  by  so  designing  the 
machines  that  the  fields  due  to  the  armature  and  the  held  windings  are 
i      equal i  so  that  in  the  no n- working  position  of  the  brushes  they  neutrahse 
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conditions  of  load  ;   they  run  with  carbon  bruislies  with  beautifany 
clean  conimatators — in  fact,  there  arc  no  commutator  difficulticii. 

The  machines  at  Chaux  de  Foods,  particulars  o£  which  installation 
are  given  in  Table  L*  have  been  running  for  nearjy  eleven  years  with 
carbon  brushes ;  they  run  continuously  for  a  month  without  touching 
the  commutators. 

Frtmc  Matters. — The  power-station  equipment  varies  according  to 
the  type  of  prime  mover  used,  but  wherever  possible  it  is  preferable. 
because  it  is  more  simple^  to  keep  the  hne  current  constant  by  varjiog 
the  speed  of  the  generator,  the  brush  position  being  &xed* 

In  laying  out  a  transmission  system  for  the  purpose  of  dnving 
rotary  plant  at  the  sub-stations  it  is  always  preferable,  particnlarl; 
where  fiuctuating  loads  have  to  be  supplied,  to  place  the  flyw^hccl  as 
near  lo  its  work  as  possible.  This  is  preferable  in  any  system— it  is 
particularly  so  in  the  series  system.  Each  sub-generator  should  be 
provided  with  its  own  flywheel ;  this  serves  to  protect  all  the  plant 
behind  it  from  the  effect  of  sudden  shocks  on  the  secondary  side.  No 
further  flywheels  are  required  ;  in  fact,  they  simply  interfere  with  the 
self*regulation  of  the  system.  I  believe  it  to  be  a  mistake  to  lay  oat 
even  a  parallci  system  in  the  usual  way — that  is  to  say,  with  enormoui 
flywheels  on  the  generator  and  no  flywheels  near  the  load. 

Reciprocating  Steam  Engines. — With  the  exception  of  a  few  small 
machines  all  the  Thury  plants  are  water  driven,  and  consequently 
there  is  not  very  much  experience  to  draw  on  for  the  steam  driving  d 
large  generators  ;  there  w^ould  be  no  difficulty  in  driving  the  generators 
at  constant  speed  and  varying  the  brush  position  in  order  to  keep  con^ 
stant  the  current,  but  since  a  constant-current  series  generator  is 
essentially  a  constant-torque  machine ,  whatever  be  the  load,  the 
governor  may  be  dispensed  with,  and  this  is  done  in  the  cases  to 
which  reference  has  been  made.  A  steam  engine  working  at  fixed 
cut-offj  so  as  to  admit  a  fixed  quantity  of  steam  per  stroke,  is  also  » 
constants  or  que  machine  ;  consequently  if  the  generator  be  coupled  to 
a  steam  engine  whose  cut-ofif  is  fijced,  it  will  run  at  the  speed  where  the 
torques  batancci  depending  in  the  one  case  on  the  value  of  the  constant 
current  and  in  the  other  on  the  point  of  cut-off,  the  steam  pressure 
being  steady  ;  any  tendency  on  the  part  of  the  engine  to  run  too  i^si 
will  increase  the  line  current  and  so  increase  the  generator  torque ; 
similarly  a  tendency  to  run  slow  will  decrease  the  generator  torque  and 
so  permit  the  engine  to  run  faster.  Consequently,  when  the  generator 
terminals  are  short-circuited  the  engine  will  first  crawl  round,  causing 
the  generator  to  give  the  constant  line  current ;  an  increase  of  resist^ 
ance  of  the  external  circuit  due  to  additional  load  will  tend  to  decrease 
the  line  current,  and  with  it  the  torque,  and  so  enable  the  eogine, 
working  at  constant  torque,  to  speed  up ;  consequently,  as  tfae  load 
increases,  due  to  extra  resistance  in  the  circuit,  the  speed  will  rise  aad 
with  it  the  pressure  ;  on  the  other  hand,  as  the  load  decrease  due  (o 
the  external  resistance  decreasing,  the  speed  will  fall.  With  several 
machines  in  series  it  might  be  thought  that  thi^  system  would  be 


Fig.  13.— Motor  Speed  Regulator. 
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unstable,  and  that  one  engine  might  take  more  than  its  share  of  a  risuig 
load,  but  the  wire  drawing  due  to  the  greater  speed  of  the  steam  it 
high  loads  should  prove  sufficient  to  prevent  any  such  tendency. 
When  working  in  this  way  it  is  essential  that  only  light  Byv/hcd$ 
be  used. 

Steam  Turbine. — So  far  no  high-tension  direct -current  geneotlon 
have  been  constructed  running  at  turbine  speeds,  and  their  design  will 
probably  be  a  difficult  problem,  but  Mr,  Hobart  in  the  Ehdridan, 
vol  h'ii.  p-  424,  has  suggested  that  the  problem  is  by  no  means  impos- 
sible of  solution.  The  turbine  would  be  a  constant*torquc  machine  if 
the  steam  were  admitted  in  a  definite  quantity  once  in  a  6xed  number 
of  revolutions^  as  in  the  Parsons  turbines ;  the  eflFect  of  running  at 
blade  speeds  below  the  maximum  would,  however,  be  to  reduce  tbe 
turbine  efficiency ;  on  the  other  hand,  by  this  method  of  running  the 
leakage  w*ould  be  constant  at  all  loads.  I  have  no  figures  to  shov 
the  comparative  efficiency  of  turbines  run  at  various  percentages  of 
load  and  at  full  speedy  and  at  constant  torque  and  variable  speed. 

Hydraulic  rwrfrin^s.— Excepting  the  instances  to  which  reference 
has  been  made,  all  the  Thury  plants  arc  water  driven,  and  since  the 
water  turbine  is  not  a  conslant-lorque  machine  Jts  u^c  has  caused  mort 
difficulties  than  would  be  met  where  steam  driving  is  used*  Tbe 
necessity  for  the  shpping  coupling  is  probably  greatly  due  to  the  great 
torque  of  a  water  turbine  at  low  speeds.  The  pressure  is  regulated  by 
varying  the  speed  by  a  Thury  regulator  arranged  to  adjust  the  gate 
opening  of  all  the  turbines  ;  the  regulator  works  so  as  to  keep  constant 
current  in  the  system.  It  is  welt  known  that  should  the  proper 
peripheral  speed  be  departed  from  the  efficiency  of  a  'water  turbine 
rapidly  fallSj  consequently  where  falls  are  used  having  a  great  percent- 
age variation  of  head  at  different  times  of  year,  to  use  the  v^-ater 
economically  tbe  speed  of  the  turbines  should  be  varied  to  suit  the 
variations  in  the  head  :  this  cannot  be  done  with  an  alternate*current 
system;  but  with  the  series  system  it  is  the  natural  way  of  running. 
There  are  many  cases  where  this  possibility  of  suiting  the  speed  of  the 
turbines  to  the  head  would  result  in  a  greater  output  from  a  given  fall 
than  can  be  obtained  at  constant  speed. 

Gas  £«^»if5.— ^There  is  but  one  instance  where  a  constant-cnrrenl 
series  generator  is  thus  driven,  and  in  this  case  it  is  set  to  nm  at  full 
load  J  other  machines  in  the  series  serving  to  regulate,  but  it  would 
appear  that  with  constant  gas  admission  per  stroke  (he  gas  engine 
would  work  between  certain  speed  limits  as  a  constant -torque  macbiac, 
and  so  would  run  without  a  governor.  Probably  the  limits  of  workipg 
would  be  not  greater  than  from  half  to  full  speed,  but  this  in  most 
cases  would  be  sufficient ;  in  other  cases  it  might  be  necessary  to  wort 
at  constant  speed,  with  the  usual  brush  rocking  gear  to  maintaia 
constant  current  in  the  line. 

The  Lmr.— For  overhead  working  two  single  conductors  are  used, 
or  if  desired  two  pairs  may  be  used,  each  pair  forming  in  parallel  oni; 
conductor.    Unless  separate  poles  arc  used  it  is  probably  safer  to  use 
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the  two  single  lines  and  so  to  work  with  half  the  number  of  insulators. 
For  underground  work,  two  single  cables  have  been  used,  and  will 
probably  pro%^c  the  most  secure  and  convenient  arrangement,  but  this 
part  of  the  problem  is  quite  new,  and  many  improvements  may  be 
possible.  For  instance,  to  give  greater  security  two  or  three  cables 
may  be  used  in  parallel  working  at  such  a  density  that  should  one 
break  down  the  remaining  one  or  two  can  carry  the  whole  load,  but 
modern  cables  properly  laid  are  so  very  reliable  that  only  for  a  very 
large  system  would  the  extra  cost  be  warranted,  more  particularly 
as  an  earth  at  one  point  will  cause  but  a  partial  stoppage  of  supply. 
The  Sub-siiiiian. — The  motors  are  insulated  from  the  ground  andfrom 
the  sul)*gencralorSj  and  the, floor  of  the  sub-station  is  insulated  by  the 
same  means  as  have  already  been  described  ;  each  motor  h  Btted  with 
a  regulator  to  control  its  speed  by  varying  the  brush  position.  In  this 
case  the  regulator  is  controlled  by  a  centrifugal  governor  so  as  to  keep 
the  speed  constant.  A  switchboard  is  provided  containing  an  ammeter> 
voltmeter,  and  short-circuiting  switch  to  cut  out  the  entire  sub-station, 
and  each  motor  has  the  usual  switch  pillar,  which  contains  In  addition 
to  the  short-circuiting  main  switch  a  device  called  a  by- pass,  which 
short-circuits  the  motor  should  the  pressure  between  its  terminals 
exceed  a  predetermined  amount.  The  connections  are  arranged  as 
in  the  power  station. 

Capital  and  Workikg  Costs, 

It  is  difficult  to  make  any  general  comparison  of  the  capital  cost 
of  different  systems,  as  so  much  depends  on  the  exact  conditions  to  be 
met,  but  the  tables  show  the  order  of  differences  to  be  expected. 
Table  II.  shows  the  cost  of  a  I  tern  ate -current  stations  using  turbine 
machinery ;  for  all  but  the  smallest  si^e  the  cost  might  be  reduced 
somewhat  by  using  larger  sized  units.  The  cost  of  buildings  is  taken 
at  a  low  figure  which  could  not  be  attained  ejcept  under  favourable 
conditions;  the  figures  relate  to  the  normal  rating  of  the  plant 
Table  III.  shows  the  cost  of  series  direct-current  power  stations, 
in  all  cases  slow-speed  reciprocating  engines  being  employed. 
Tables  IV.,  V„  Vl^  and  VI L  set  out  the  cost  of  sub-stations  exclusive 
of  buildings  and  all  low-tension  switch  gear.  Table  VII L  shows  the 
cost  and  other  particulars  for  underground  work  ;  these  results  are 
also  set  out  in  Figs,  15  and  16  in  the  form  of  curves,  but  at 
different  current  densities.  Table  IX.  is  a  summary  of  the  other 
tables  and  shows  the  lengths  of  high-tension  mains  where  the  saving 
in  the  cost  of  the  line  work  may  make  up  for  the  extra  cost  of  the 
direct-current  power  station.  The  tables  have  necessarily  been  largely 
prepared  from  estimates,  but  every  care  has  been  taken  to  make  them 
as  reliable  a  guide  as  possible ;  at  the  same  time  it  must  be  apparent 
that  they  can  give  at  best  only  a  very  rough  idea  of  relative  costs,  and 
that  each  case  must  be  considered  on  its  own  merits. 

From  these  figures  it  may  be  assumed  that  where  the  power  station 
is  situated  at  or  near  the  centre  of  a  district  whose  boundaries  extend 
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Table  II. 
Power  Station— A liemating  Current  System. 


Total  Capacity  ... 

2,400  k.w. 

14,000  k.w. 

37,500  k.w. 

1 10,000  k.w. 

No.  of  Units  and) 
Size     (Normal  [ 
RaUng)              j 

6 ;  400  k.w. 
10,000  volts 

7 ;  2,000  k.w. 
12,000  volts 

10 ;  3,750  k.w. 
15,000  volts 

22  ;  5,000  k.w. 
20,000  volts 

I.  Buildings, 
in  eluding 
Chimneys 

;^I2,I30 

;f38,695 

£87,320 

;e248,325 

2.  Generating 
Plant 

;C2I,690 

;f84.895 

;e200,765 

;C52O,905 

3.  Switch  Gear  ... 

£2.^ 

£5.760 

£^.700 

£iSMO 

4.  Boilers,  Auxili- 

- 

ary  and  Coal 

Handling' 

Plants 

;fi9,38o 

^£68,780 

JC164445 

^£498,370 

Total  Cost 

;C56,i8o 

jC20I,I30 

;C473,230 

;Ci,3 18,040 

Cost  per  k.w.     ... 

£23A 

£ha 

£ir6 

;fi2-o 

1 

\BLE    III. 

Power  Sta 

Hon — Thury  S 

ystem. 
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radially  to»  say,  8  tniles^  only  in  very  exceptional  cir  cum  stances  is  the 
series  system  superior  to  the  parallel  alternate  system  in  cost  or 
convenience. 

With  steam  driving  with  present  knowledge  the  series  direct- 
current  power  station  exceeds  in  cost  the  turbine-d riven  alternate* 
current  power  station ^  and  therefore  under  such  conditions  the  cost 
of  the  line  is  the  deciding  factor. 


49a 


f 


*I  Z  -3  -4 

Sectional   area  cf  conductor  m  sauare  mches. 
G.  15*— Relation  he  twee  n  the  Cost  of  Two  J-Core  A.C*  Cables  and  Two 
D.C.  SiJigle-Core  Cables  Working  on  a  j-Wire  Thury  System^ 

Eteiully,  750  a  aq.  Inch. 

C«t  of  Copper  takca  at  £S7  tern,  per  toa. 

Cost  of  Trtnchinfj  und  SCane  Duct,  ;^r,ioo  |>er  tnlLe. 


The  simplest  class  of  transmission  to  consider  is  that  where  energy 
is  transmitted  from  a  single  point  to  a  far  distant  and  concentrated  Load  ; 
'in  this  c;ise  the  tables  show  where  the  series  system  maybe  considered, 

The  second  class  of  transmission  is  where  a  more  or  less  circular 
district  containing  blocks  of  load  at  comparatively  wide  intervals  is  to 
besupphed  from  a  power  station  cither  oatside  or  on  the  circumference 
of  the  area  ;  here  it  is  not  possible  to  generalise!  and  therefore  it  is 
convenient  to  study  a  special  case. 

Consider  such  an  area  as  shown  in  Fig.  17,  with  a  distribution  of  load 
,and  distances  as  shown  on  the  diagram.    The  total  load  is  7,000  k.w* 
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Table  IV. 

Staiic  Transformer  Sub-station  reducing  from  High  Pressure  to  a 
Working  Pressun  of  500  Volts, 


Total  Capacity   •*. 

No.  of  Units  and] 
Size  (Normal  [ 
Rating)  j 

I.  Convertittgl 
Plant  ) 

2*  Higti   Tension  1 
S*  Gear  f 

Total  Cost 

Cost  per  k.vv. 


200  k.w. 


13  ;  17  k*v*a. 
S.P.  Trans. 


£^2S 

£3,755 
£2j8o 


800  k.w. 


12  ;  70  k.v-a* 
S,  P.  Trans. 


£1,870 

£*|2g5 
£4,165 
£5^21 


2,000  k.w. 


12  ;  i7ok»v.a, 
S.P.  Trana. 


£2,5*^5 

£2,4^5 

£S.o5f^ 
£3-52 


6,000  k.w. 


tS  ;  335  k.v.a. 
S.P,  Trans. 


£9,'^70 

£3*525 

£13.195 
£219 


" 


Table  V. 

Substation — Rotary  Converter  SystetUf  giving  500  Volts* 


Total  Capacity    *** 

200  k.w. 

800  k,w. 

3,000  k,w. 

6,000  k,w. 

No.  of  Units  and 
Rating) 

4 ;  50  k.w. 

4  ■  200  k.w. 

4  ;  500  k.w. 

6  ;  i;ooo  k.w. 

r.  ConFcrter  Plant 

£it575 

£3.980 

£6,745 

£'9.925 

2.  High    Tension) 
S.  Gear          | 

£1,620 

£3.360 

£2,545 

£3,S«o 

Total  Cost 

£3,195 

£6,340 

£9^290 

£23r505 

Cost  per  k,w.      ... 

£t5'97 

£7^9» 

£4-^ 

£3'9i 

The  cables  are  laid  along  roads,  the  solid  lines  showing  the  direct- 
current  cable  routes  and  the  dotted  line  tliat  of  the  alternate-current 
cables. 
!  For  alternate  current  two  lines  are  taken  from  the  power  station, 

I  each  consisting  of  two  3 -phase  Cables,  the  conductors  of  0075  sq.  in. 
area,  the  pressure  being  20,000  volts  ;  these  are  equal  to  a  load  of 
7,200  k.w.  at  750  amperes  per  sq.  in*,  tlie  C'R  loss  at  full  load  being 
I  14-4  per  cent,  at  the  extreme  end  of  the  line.  The  cost  is  as 
!       follows  : — 

L  66  miles  o'o5  cable  at  £900  per  mile  ..,        *.*  £594^^ 

I  sa    „      0-075      „     £".050     „  ..,        .-    54,600 

^H  Trenching  and  duct,  85  miles  at  £1^000  per  mile. . .     Ss^ooo 


Total 


£199,000 
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Fig*  i7,--Diagnim  of  Typical  Bulk  Supply  Area,  the  Power  Station  Isdiig 
situated  near  the  Circumfert^ncc^ 

Alternate-Current  Cablis  ihown  dotted  Lia«t. 
Direct-Current  Cables  shown  fuU  Imci* 
Sub-»taUDii«  ahowu  thus  • 

AtTRKMATtNC-CCKBEST  CaULK  SyST£M  AT  30,OoO  VOLTS. 
Two  cables  of  d  075  ^.  Inch  »cctJuti  from  power  iitatJoti  to  Aub  litationfi  Xo«.  t,  3,  $,  4,  14  aod  1$. 
Obi!  cable  ot  0075  sq.  Inch  aectloD  between  Not.  13  and  13  tub-stationft.    All  other  wi^latlQi^ 
have  one  005  tq.  inch  cable. 

Length  of  q  075  sq,  Inch  cable  =  51  milei  at  ^  [,059  per  mile j50oo 

O'o5o     ^K  ,1  =:  66        ^j       j&iQ'^        H»  i*'        »**       S^Mfi^ 

length  of  trcnchEn^  =  S5  mMes  at  XipOoo  per  mUe.     (This  Indudi^  pdcc  of 
coDdmt.  trench m£,  and  rein«tatmg.]^ 

TTenchiitg       ^^.        ,,»        »«♦        ,♦,        t,^        ***        ...     ;^§5,ooo 

Cable  Q  05  aq.  Inch ...        ...        ».        ...       5%fao 

Cable  0075  iq.  Inch.. „.       ...       ...      5iJoo& 


One  cable  ol  trJ  sq,  inch  wction,  length  =  84  mH»at  £s^  per  mile ,.. 

Lenitth  o|  trtnching  =  84  miles  at  ^moo  per  mile.    (ThiiindiKlkni  price 

gf  cuiidult,  trenching,  and  rdnatJiUng) .,. 
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No  aHowance  is  niade  for  power  factor  or  capacity  current  or 
dielectric  hysteresis  losses*  It  will  be  seen  that  this  is  the  cheapest 
possible  schemCj  the  whole  supply  in  the  more  distant  centres  depend- 


Table  VL 

$ub-sia(mi—A.C*  Motors  coupled  to  Direct-Current  Generators  giving 

500  Volts. 


Total  Capacity    ... 

200  k.w. 

800  k,w. 

ifOoo  k.w. 

6,000  k.w. 

No,  of  Units  and 
Size      (Normal  ► 
Rating} 

50  Jc,w, 

4  ;  200  k.w. 

4  ;  500  k.w. 

6  ;  t,ooo  k.w. 

i»  Converter! 
Plants  Induc- 
tion   Motors, 
and    S  t  e  p  ~  " 
down    Static 
Transformer^i^ 

jf^.7J0 

jf6,755 

£n»735 

iC3S.34S 

2*  High    Tension 
S.  Gear   - 

£h^^^ 

£2,360 

£2MS 

£3.580 

Total  Cost 

£4.550 

£^>.itS 

£14.^80 

i38.92S 

Osst  per  k.w.      ... 

jf2i75 

fii-39 

£rH 

£^49 

Table  VIL 

Sub'Station-^Tkury  System  {Timry  Motors  coupled  to  B*C,  Generators 
giving  soo  Volts). 


Total  Capacity    .» 

200  kw. 

800  k.w. 

2,000  k.w. 

6,000  k.w. 

No,  of  Units  and 
SUe  (Normal 
Rating) 

■ 

4 :  50  k.w. 

4  ;  200  k.w» 

4;  Sook,w. 

6;  1,000  k.w. 

I*   Converterl 
Plant             f 

£^,635 

£6,630 

£ii»SBo 

£26,510 

2,  High  Tension) 
S.  Gear         | 

£S6o 

£790 

£i.i9S 

£2,&40 

Total  Cost 

£3.^95 

£7*420 

£i^»77S 

£39,150 

&5st  per  k.w.      ... 

£15^97 

£9^5S 

£^3^ 

£4-ss 

I 

I 


ing  on  a  single  cable,  Ttie  cost  per  kilowatt  is  £28-4,  which  is  almost 
prohibitive  and  at  once  shows  that  a  power  station  nearer  the  load 
centre  is  ncce^isary.     For  direct  current  a  single  cable  a*i  sq.  in.  area 
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insulated  for  working  at  50,000  volts  to  ground,  is  taken  entirely 
the  area ;  this  cable  could  be  worked  at  800  amperes  per  sq.  in., 
the  cable  a  capacity  of  8,000  k.w.  when  working  at  100,000  vo 
3-wire  system.    The  cost  is  as  follows  : — 


|o/  Trem 
j6  15s. 


84  miles  o'l  sq.  in.  single  cable  at  £s^o 
Trench  and  duct  at  £<po 

Total         


;£l24,220 


The  complete  costs   of    the  two  systeoos    are  apjiroxir 
follows : — 


AC. 

Per  K.W. 

D.C. 

^ 

Power  station  of  7,000  k.w* 

(A.C.    mcludes    ^step-up 
transformers)     

Sub-stations  of  7,000  k.w. 

Line  7,000  A.C.      *..         X 
8,000  D.C.     ...         f 

119,000 
70,000 

199,000 

i7'o 

lO'O 

28-4 

140,000 
70,000 

124,250 

£3B8.ooo 

55'4 

^534-220 

1 

•  The  cost  of  Uie  series  lii 

le  at  lU  rut]  ni 

ting  ts  £li 

*$  per  kilowat 

^ 

In  the  early  stages  of  such  an  undertakings  since  the  cost  of 
work  and  duct  is  so  great  a  proportion  of  the  whole  cost  of  the 
tlie  cost  of  the  cable  system  would  bear  a  greatt^r  proportion  toij 
wliolcj  and  if  in  the  scries  system  would  sliow  a  still  greater  ad^ 
and  so  enable  the  concern  to  start  with  perhaps  25  per  cent 
capital— a  matter  of  the  utmost  importance  when  the  business  is 
growing. 

The  cost  of  the  alternate -current  power  station  is  based  on  tuB 
generators  with  step -up  transformers.  The  direct- current  machil 
are  driven  by  slow-speed  engines*  It  is  assumed  that  about  Ihr 
qucirters  of  the  energy  is  converted  through  rotary  machines. 

The  C'R  loss  on  the  scries  system  is  at  full  load  5  percent,! 
when  the  maximum  load  on  the  system  is  but  4,000  k,w,  at  25 
cent  load  factor^  the  percentage  the  constant  loss  bears  to  the  oy|| 
is  34  per  cent.    This  would  compare  with  an  overaJl  loss  in  the 
of,  say,  10  per  cent,  on  the  parallel  system  j  but,  since  the  encrigf  1 
at  full  load  costs  about  3d.  per  unit  as  compared  with,  say,  0^3 d. J 
unit  for  the  continuing  loss,  the  actual  money  loss  wiU  be  less  1 
series  than  on  the  parallel  system.  -  ^ 

As  with  alternate  currenti  the  scries  system  is  laid  out  at  the 
possible  cost,  one  cable  serving  each  load  centre;  but  thesin^i 


Cost  p 
Mile 


1,002  a 
Inch 
JtTisity. 


204 
1  09 

039 
0-31 

028 

0-20 

0-15 
013 

oil 
0'37 

0-20 
0*14 


0*54 
0-4C 

033 


d/  Trencking, 

i6  15s, 

per  Ti 

Milt  ULd. 

1.003  0 

Dcnaily. 

500  « 

2^a+ 

4'08 

109 

2'lg 

0-57 

rr4 

o*J9 

079 

0-31 

062' 

028 

0-57 

O"30 

0'39 

D-J5 

031 

013 

0'2b 

0*11      1 

0*23 

037 

074 

0*20 

0*40 

0-14 

o-2a 

Sq.  Inct 

O'St 

072 

3-40 

054 

0-33 

045 
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cable  Is  a  better  mechanical  job  than  the  j^core,  and  is  therefore  lesi 
Liable  to  accident ;  also  the  instUattan  at  the  stations  is  far  less  vulocr* 
able,  and  the  number  of  points  where  breakdowns  generally  occur*  as 
in  the  switch  gear,  are  far  less  in  number  than  with  the  aiternatc-ojrreQt 
system  ;  and,  further,  the  chances  of  electrical  breakdowns  due  to 
suddeo  rises  of  pressure  are  much  less  with  the  direct-current  svstem; 
in  addition,  as  has  t>eea  shown,  earthing  at  oue  point  does  not  upset  tM 
entire  supply. 

The  demand  may  develop  along  two  lines  of  route  foUowuig,  saf, 
two  diverging  main  roads,  and  it  may  at  first  be  advisable  to  comfdc^ 
the  entire  ring.  In  this  case^  wuth  the  direct-current  system,  two  wm^ 
lines  may  be  laid  picking  up  the  loads  along  the  two  roads ;  ^cli  lliii 
ttiay  be  earthed  at  its  end  and  the  circuit  completed  through  ^u^  until 
the  increasing  demand  at  a  greater  distance  calls  for  the  compietion  of 
the  ring  with  copper, 

A  further  consideration  in  the  problem  of  supplying  this  district  ii 
of  interest :  Assumi^^  the  supply  to  be  started  with  a  line  current  and 
power  station  suitable  to  a  Exed  maximum  load,  and  that  at  a  snbse* 
quent  date  it  be  found  that  the  load  ha^  exceeded  expectations,  it  ts 
then  a  simple  matter  to  erect  a  second  power  station  at  any  [>oint  oa 
the  tine  which  approximately  equaUy  divides  the  toad  on  each  side  \ 
the  load  that  can  be  carried  can  ttius  be  doubled  without  laying  any 
new  mains,  and  the  two  stations  can  be  run  in  series  without  the 
smallest  difiiculty*  This  method  has  been  used  in  the  Chaux  de  Fonds* 
Locle  system,  which  was  started  with  one  small  water  power  station, 
and  as  the  load  increased  two  other  power  stations  were  erected,  all 
three  running  in  series  on  the  same  circuit.  In  fact,  one  immense 
advantage  is  that  the  dtfRculties  of  running  in  parallel  are  entirely 
avoided^  so  that  several  power  stations  may  be  connected  to  the  same 
ring  as  the  total  load  increases,  thus  allowing  the  effective  working 
pressure  to  be  raised  far  above  any  figure  possible  with  any  other 
system ;  in  short,  in  this  respect  the  uniform  section  of  main  renders 
the  series  system  far  more  flexible  than  any  parallel  system* 

The  above  district  may  be  taken  as  typical  of  many  of  the  so-called 
bulk  supply  areas  in  Great  Britain*  In  these^  in  general,  at  many  of 
the  local  centres  there  are  already  in  existence  small  stations  supplying 
on  diverse  systems,  some  direct  current  and  some  alternate  at  various 
frequencies.  It  is  usually  necessary  in  the  early  days  of  the  undertaking 
to  give  only  a  partial  supply  to  each  centre,  the  local  steam  plant 
handling  the  remainder ;  therefore,  in  most  cases,  it  is  necessary  to 
give  the  bulk  supply  through  motor -generators*  It  is  always  a 
convenience  and  often  a  necessity  to  run  the  motor-driven  generators 
in  parallel  with  the  local  steam  plant.  Where  the  local  supply  is  direct 
current  there  is  no  difficulty,  but  where  the  local  supply  is  alternate 
current  it  is  always  difficult,  and  under  certain  circumstances  it  is 
impossible*  With  the  series  direct  system,  on  the  other  hand,  there 
is  no  diBiculty  in  giving  any  class  of  supply  nor  in  rimning  in  parallel 
with  any  local  plant. 
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The  costs  of  working  each  system  will  be  very  similar,  though  it 
may  be  claimed  that  very  large  turbines  would  work  more  economically 
than  very  large  reciprocating  engines,  but  the  convenience  of  working 
the  series  system  is  far  greater  than  that  of  working  the  parallel 
system  ;  the  switch  gear  is  immensely  more  simple,  and  the  conveni- 
ence of  starting  both  motors  and  generators  is  far  in  favour  of  series 
direct 'Current  working* 

Spmal  Applications. — There  are  some  requirements  to  wliich  the 
series  direct-current  system  is  especially  adapted* 

The  first  of  these  ts  when  it  is  essential  to  run  the  sub-generators 
at  speeds  varying  over  wide  limits  for  long  periods.  This  is  a  very 
common  condition  for  generators  for  etectro-chemical  work*  There 
are  many  processes  w*here  it  is  necessary  to  maintain  the  current 
practically  constant  and  to  vary  the  pressure  over  considerable  limits* 
Other  cases  are  where  the  pressure  arid  current  are  varied,  and  where 
the  machines  arc  called  upon  to  run  for  considerable  periods  at  reduced 
speeds 

With  aHernate-current  transmission  it  is  commercially  impossible  to 
vary  continuously  tlie  speed  of  the  sub-generators  over  tlie  wide  limits 
necessary,  whereas  the  direct- current  system  allows  for  any  sort  of 
variation  to  be  made  in  the  speed  of  the  sub-generators  with  but  small 
reduction  in  efficiency. 

A  second  class  of  work  where  the  series  system  is  very  convenient 
is  for  operating  hoists  and  similar  loads  where  the  speed  varies  over 
wide  H  mi  ts,  and  where  starting  and  stopping  are  matters  of  frequent 
occurrence,  and  where  a  high  degree  of  acceleration  is  requisite. 

It  is  of  course  necessary  in  such  cases  to  provide  that  the  generators 
arc  governed  by  a  quick  acting  governor,  so  as  to  maintain  the  line 
current  constant  with  sudden  variations  in  load— that  is,  the  ordinary 
diffictillies  met  %vith  in  dealing  with  such  loads  require  the  usual  special 
attention. 

The  whole  operation  of  the  motors  ts  carried  out  by  the  brush 
movcment>  a  rapid  screw  arrangement  being  the  most  convenient.  A 
switch  should  be  provided  to  short-circuit  the  motor  when  it  is  stopped 
for  any  length  of  time,  so  as  to  sa%'e  loss  of  energy  and  heating  in  the 
motor  winding*  Braking  is  done»  of  course,  entirely  by  the  brush 
movement,  the  motors  being  reversed  and  run  as  generators.  The 
torque  of  the  motors  is  constant,  the  speed  being  varied,  as  explained 
by  the  brush  movement. 

In  efficiency  of  working,  case  of  operation,  and  smoothness  of 
starting  and  braking,  the  series  system  should  in  many  such  cases 
show  better  results  than  any  other  system  ;  and  where  much  of  the 
supply  may  conveniently  be  handled  by  a  j-phase  or  other  parallel 
system,  it  may  often  be  convenient  and  profitable  to  work  hoists, 
winding  gear,  and  similar  loads  by  means  of  a  separate  series  system. 

Concluding*  I  set  out  some  of  the  possible  directions  in  which  the 
scries  system  offers  advantages  over  the  parallel  system  : — 
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r.  The  ability  to  extend  th«  pos&ible  cominercial  transmission 
di stance  far  beyond   that  possible  with  atternate  currents, 

and  particularly  in  those  cases  where  underground  tmni^ 
mission  is  essential. 

2.  Simplification  of  switch  and  regulating  gear. 

3.  Easy  working  of  several  stations  in  series  on  the  same  loads,  m 

that  the  more  efficient  run  always,  and  the  less  e^ci^nt  run 
only  I  on  the  peak  load. 

4.  The  uniform  section  of  the  mains  permits  an  increasing  load 

supplied  at  first  from  one  point  to  be  readily  provided  for  by 
the  addition  at  any  other  suitable  points  on  the  main  ol  ottier 
stations  without  addition  to  the  cabld  system. 

5.  Efficient    speed    rcgulalion  of    sub-generators    where    certain 

special  loads,  such  as  chemical  loads,  are  to  be  served  from 
a  distance. 

6.  Greater  aU^round  efficiency  to  be  obtained  when  the  gcneraion» 

arc  driven  by  turbines  worked  from  a  watcrf^tU  having  a  great 
percentage  variation  of  head, 

I  liave  endeavoured  to  show  that  M.  Thury  has  carried  the  series 
dircct-currcnt  system  to  a  point  far  beyond  the  experimental  stage,  and 
that  in  recent  years  he  has  made  great  advances  in  the  direction  of  the 
improvement  of  the  generators  and  the  motors  and  in  the  use  of  very 
high  pressures^  and  has  sliown  that  far  higher  pressures  may  be 
attained.  At  the  same  time  it  must  be  reahsed  that  the  size  of  the 
machines  hitherto  built  is  comparatively  small,  but  experience  shows 
that  there  would  be  no  difficulty  in  building  machines  of  greater  siie, 
and  there  is  no  reason  why  any  special  difftcuUies  should  be  met  with 
in  working  much  larger  series  systems  than  those  now  running. 


^fL 


Discussion, 

Lord  KELVtN' :  I  have  listened  with  extreme  interest  to  Mr.  High- 
field's  paper  \  it  h  really  one  of  the  best  scientific  papers  I  have  ever 
heard  read.  It  has  been  so  clear  ou  every  point  that  every  one  present 
has  been  thoroughly  carried  along  with  the  author. 

For  my.^elf  the  subject  is  one  of  extreme  interest*  I  have  never 
swerved  from  the  opinion  that  the  right  system  for  long-distanca  trans- 
mission of  power  by  electricity  is  the  direct-current  system.  I  do  not 
say  a  word  in  depreciation  of  the  beauty  of  the  polypha^se  idea,  and  of 
the  development  of  that  idea,  especially  in  the  3*phase  working.  The 
great  convenience  of  the  3-phasc  system  is  well  known  to  all  ;  the 
ease  with  which^  by  transformers  with  no  moving  part^  an  augmenta- 
tion can  be  made  from,  tct  ns  say,  10,000  volts  in  the  generator  to 
2o,ooO;  30,000,  or  40,000  volts  in  the  transmission  line  is  very  valuable 
and  important*  In  fact,  it  is,  I  believe,  the  great  convenience  of  the 
static  transformer  that  has  led  to  the  wonderful  and  splendid  develop- 
ment of  the  alternating-current  system  in  modern  electrical  engineering. 
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We  have  now  come  to  a  pa^Uioa  in  electrical  enginecrinfr^  looked 
forward  to  twenty  or  thirty  years  ago,  in  whicli  we  arc  practically  con- 
fronted  with  tlie  problem  of  the  transmission  of  electric  power  through 
very  great  distances.  After  what  we  have  heard  from  Mr,  Highfield, 
I  have  no  suggestion  to  make  in  respect  to  the  advantages  that  he  has 
demonstrated  of  the  direct-cnrrcnt  system. 

Some  of  the  most  subtle  problems  of  electricity,  problems  depending 
even  on  resonance,  are  more  or  less  familiar  to  all  electrical  engineers 
at  the  present  time.  The  perfect  freedom  of  the  direct-current  system 
from  complications  of  that  kind  is  very  remarkable. 

You  all  understand  something  about  square  root  2  being  r"4i* 
Starting  with  that  scientific  fact,  we  have  this  practical  application  that 
141  volts  of  direct  current  have  no  more  tendency  to  produce  sparks 
than  100  volts  of  alternating  current.  That,  I  think,  is  a  statement  that 
is  generally  understood.  The  141  to  100  we  have  all  known  as  the 
merit  in  respect  to  voltage  attainable  by  direct  current,  as  compared 
with  voltage  attainable  by  alternating  current  ;  but  now  we  hear  from 
Mr.  Highfield  that  the  advantage  fs  far  more  than  the  ratio  141  to  100, 
Mr.  Highfield  will  correct  me^  but  my  recollection  is  that  he  said  it  is 
more  like  2|  to  i  than  li  to  i.  The  properties  of  matter  concerned  in 
the  brcakmg  down  of  insulation,  and  the  gradual  heating  up  by  the 
alternating  current  till  the  insulation  breaks,  determine  a  result  which 
to  me  was  unexpected.  Mr.  Highfield  finds,  in  respect  to  insulation, 
a  much  greater  advantage  of  the  direct  current  over  the  alternating 
current  than  has  been  hitherto  known  to  us,  I  think  I  may  safely  say» 
as  proved  by  the  experiments  which  he  has  put  before  us,  that  80,000 
volts  direct  current  are  more  easily  worked  than  40,000  volts  alternating 
current. 

That  is  enough  to  prove  the  case  for  direct  current,  unkss  there  are 
difficulties  in  the  practical  management  of  direct  current,  as  compared 
with  alternating  current.  But  the  difficulties  are  all  the  other  way  • 
the  practical  difficulties  are  in  the  management  of  alternating  current  ; 
the  ease  (except  in  respect  to  the  brushes)  is  all  for  the  direct  current* 
So  that,  not  only  have  we  much  greater  capacities  for  bearing  high 
pressure,  but  very  much  greater  ease  and  convenience  in  practical  work- 
ing, when  we  adopt  the  direct  current  for  long-distance  transmission. 

1  do  not  go  so  far  as  to  say  that  the  beautiful  systems  that  are  now 
worked  out  for  distributing  power  over  somewhat  long  distances  would 
be  better  carried  out  by  direct  current  than  by  alternating  current. 
I  do  think,  however,  with  regard  to  tlie  ordinary  power-supply  stations, 
which  are  now  with  but  few  exceptions  founded  on  the  alternating- 
current  system,  it  is  iust  possible  that,  in  future,  there  may  be  a  change 
to  direct  current.  The  penetrating  skill  and  perseverance  of  Mr.  Thury 
having  led  the  way,  we  may.  with  the  very  clear  ideiis  that  have  been 
put  before  us  by  Mr.  Highfield,  begin  to  see  that,  even  in  the  ordinary 
distribution  of  power  by  electricity  at  20,000  or  30,000  volts,  the  advati- 
lages  of  the  direct  current  will  bring  it  to  pass  sooner  or  later,  thai  it 
may  supersede  the  alternating  current. 


Lord 
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I  am  remindt^d  of  a  little  prophetic  conversational  statement  made 
by  Lord  Rayleigh  a  good  many  years  ago.  He  rejoiced  to  see  the 
use  of  alternating  current  coming  in,  **  Because,"  he  said,  **  the  whole 
world  will  now  learn  the  subtleties  of  electrical  science,  which  thev 
had  no  chance  of  learning  before:'*  That  prophecy  has  been  fulfilled. 
*■  And,"  he  added,  *' after  that,  they  will  come  back  to  the  contlnuotjs 
current/'  I  do  not  know  that  you  will  all  agree  with  that  anlicipalioo» 
but  you  wiJl,  1  am  sure,  all  enthusiastically  agree  writh  Lord  Eaylcigb 
in  rejoicing  that  we  have  had  this  twenty  years  of  alternating  current, 
and  of  etectrical  science  in  its  most  inicresting  characters,  including  in 
fact  wireless  telegraphy,  put  before  beginners  in  electrical  science,  as 
they  now  arc  in  practical  schools  of  electricity* 

Dr.  G.  1Cap['  :  We  have  every  reason  to  thank  Mr.  H  ightield  for 
having  given  us  a  paper  which  may  appropriately  be  called  a  pioneer* 
ing  paper,  and  1  would  couple  with  that  expression  of  gratitude  the 
hope  that  Mr.  Highficld's  pioneering  labour  may  bear  fruit  in  this 
country.  There  is  some  reason  for  expressing  such  a  hope  because  in 
one  instance  at  least  previous  experience  was  the  other  way.  If  yoo 
think  of  the  time  of  which  Lord  Kelvin  has  just  spoken*  w*hen  alternat- 
ing currents  were  first  used  for  power  aud  light,  the  pioneering  scientific 
labour  was  done  in  England,  but  the  practical  application  w*as  reaped 
abroad.  At  that  time  the  Englisli  manufacturer  was  busy  wnth  continuous* 
current  plant  and  showed  very  httle  inch  nation  to  take  up  a  sy&tcm 
which  many  regarded  as  new*fangled  and  useless.  I  w^ould  hke  to  add 
a  word  of  warning  :  do  not  consider  the  high- pressure  continuons 
current  a  new-fangled  or  a  useless  system,  I  wish  manufacturers  of 
dynamo  machines  would  devote  their  energies  at  least  to  preparing 
themselves  for  what  is  likely  to  come,  the  use  of  conttnuous-currcnl 
machines  giving  very  high  pressure.  If  we  begin  to  work  at  the  suti- 
ject  now  we  ^hall  be  ready  when  the  time  comes  of  which  Lord  Kelvin 
spoke.  We  do  not  desire,  I  am  sure,  to  repeat  the  history  connected 
with  polyphase  currents,  when  we  had  a  lag  of  five  years  behind  the 
Continent  and  America,  with  the  result  that  we  see  in  England  ai 
the  present  time  so  many  Continental  and  American  machines  at 
work.  Those  machines  could  have  been  built  here  if  we  had  taken 
in  time  to  this  system.  For  I  his  reason  particularly  1  think  wc  ought 
to  be  grateful  to  Mr*  Highfield  for  having  brought  before  lis  this 
important  method  of  working  long-distance  transmission.  He  has 
thrown  out  certain  hints  for  improvements,  which  I  admit  are  quite 
possible  in  the  system  which  has  been  developed  by  M.  Tburv.  That 
system,  admirable  as  it  is,  is  not,  of  course^  perfect ;  it  is  one  man's 
work,  aud  a  matter  of  this  kind  to  be  perfect  must  be  the  result  of  the 
labour  of  many  men,  and  1  hope  that  some  of  the  younger  engineers 
wili  help  in  carrying  that  work  forward.  I  may  say  thai  1  have  l>ccn 
a  convert  to  this  system  only  for  the  last  three  or  four  years.  1  resbtcd 
conversion  as  long  as  I  could.  I  have  had  trouble  enough  with  the 
subtleties  of  the  alternating  current,  and  I  did  not  want  to  burden  mv 
mind  with  something  new.    But  when  I  had,  in  the  course  of  my  w^ork, 


1 1907.] 


DIRECT   CURRENT;  DISCUSSION: 


sa^j 


to  go  and  inspect  some  of  the  Thury  stationSj  and  when  I  saw  how 
sinipie^  safe^  and  reliable  the  working  was,  I  could  not  help  toeing  con- 
I  verted,  and  it  is»  as  a  convert  that  1  now  speak* 

I        There  are^  of  course,  certain  difficulties  connected  with  this  system, 

I  One  is  the  question  of  commutation  when  there  is  a  great  difference 

of  poientiai  between  neighbouring  commutator  bars  and  a  large  current 

I  to  commutate.    We  heard  of  a  machine  whicti  M*  Thury  has  built 

1  Tjirhere  there  were  500  volts  between  the  bars.    That  is  an  experimental 

machine  giving  1  ampere.    There  was  no  difficulty  ;  but  build  a  machine 

I  where  a  current  of  several  hundred  ampt^res  has  to  be  commutatcd  and 

it  will  be  found  a  difficult  problem.     M.  Thury  has  found  a  solution, 

I  but  only  up  to  a  certain  hmit  of  output.     He  has  developed  a  certain 

'  type  of  machine  which  within  that  limit  is  fairly  satisfactor)^  but  which 

I  from  the  dynamo  builder's  point  of  view  is  not  perfect*     I  do  not  want 

I  to  make  a  reproach  of  that.     The  machine  works  well  and  serves  its 

*  purpose,  but  for  larger  units  the  design  will  have  to  be  altered  to  gel 

I  perfect    commutation.      This  should  be  possible    by  using    Messrs. 

Parsons  &  Stoney's  admirable  method  of  compensating  for  armature 

reaction,  and  creating  a  commutating  field  in  air.     These  gentlemen 

have  applied  this  method  to  their  steam  turbine-driven  dynamos  wuth 

perfect  results.    There  is  not  the  faintest  sparking  at  the  brushes,  even 

with  quickly  varying  loads*    The  difHculty  in  the  commutation  of  the 

direct- current  machines  at  high  pressure  may  thus  be  considered  as 

1  solved.    Another  difficulty  is  the  insulation  of  the  machine  from  the 

I  motor  which  drives  it.     At  present  M.  Thury  uses  either  a  Zodel 

^  coupling  or,  for  higher  pressures^  a  special  kind  of  rubber  coupling. 

I   Instead  of  the  Zodel  leather  band  there  are  indiarubber  rings  which 

press  against  each  other ♦    The  distance  between  cliarged  and  earthed 

parts  is  thus  twice  the  thickness  of  one  ring  when  compressed^  or,  say, 

,  6  inSi  at  most.     This  is  not  enough  for  70,000  volts  or  more.     There 

must  be  a  long  distance  between  the  points  of  great  difference  of 

potential.      For   this   reason    the   insulating  coupling  as   now  made 

appeared  to   me   unreliable   for  very  high  voltage.     I  was   at   that 

time  connect ed^  as  advisor,  with  a  company  which  had  a  scheme  for 

'  carrying  electricity  over  800  miles  of  veldt,  and  before  going  any 

further  I  wanted  to  see  whether  the  difficulty  of  the  coupling  could 

be  solved.    I  designed  a  coupling  in  which  no  charged  point  should  be 

nearer  than  about  18  ins.  from  earthed  parts*    That^  of  course,  required 

the  use  of  drag  links  made  of  insulating  material,  and  the  coupling 

became  very  large.     One  could  not  build  a  whole  coupling  to  test  it, 

but  I  arranged  an  apparatus  for  testing  the  finks  under  mechanical 

and  electrical  stress,     An  illustration  of  the  apparatus  is  shown  in 

the  accompanying  Fig*  A.    The  links  were  suspended  under  great 

stress,  and  at  the  same  time  a  pressure  of  70,000  volts  continuous 

current  was  put  on  and  kept  on  for  hours,    I  was  not  present  at  the 

test,  but  Dr.  Tissot,of  Bale,  who  watched  the  test,  sent  me  a  photograph 

and  the  particulars.    These  links  stood  perfectly  well.    They  were  of 

ordinary  rubber  and  canvas  belting  without  any  special  preparations 
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.  Kapp.  to  improve  their  msulation.  The  itisulalion  resistance  whibt  tinder 
mechanical  and  electrical  stressi  ivas;  nH  megohms.  That  works  out 
at  a  loss  of  only  42  watts*  so  Ihat  practicaUy  it  may  be  said  the  difficulty 
of  the  io^^ulatinjT  coupling  is  solved.  We  can  get  insulating  material 
which  will  stand  a  great  mechanical  stress  and  at  the  same  time  stand 
70,000  %'oU<?  and  probably  more*  Another  difiictilty  was  with  I  he 
insulators  for  the  line.  I  was  afraid  that,  with  a  very  long  line,  tlic 
loss  hy  leakage  would  be  considerable,  so  I  had  tests  made  of  some 
insulators,  and  it  may  interest  the  meeting  to  know  what  is  losi 
through  insulators.     We  had  an  arti6cial  rain  of  i  to  2  miUimetres  per 


Fig.  a. 


minute,  and   at  50,000  volts  alternating  current  each   insulator  lost 

5}  watts.    There  arc  about  80  insulators  in  a  mile  of  3 -phase  Ene 

so  that  with  50,000  volts  to  earth  the  loss  wouJd  be  450  watts  per  mile, 

But  at  70^000  to  earth  the  loss  in  one  insulator  is  nearly  double,  namely, 

J 0*5  watts,  so  that  a  line  of  500  miles  would  lose  400  k.w^     1  do  not 

think  we  should  have  this  great  loss  with  continuous  current.    I  believe 

I   the  large  loss  is  due  to  the  fact  pointed  out  by  Mr.  Highfield  that  the 

I  ripples  or  surgings  superimposed  on  the  fundamental  harmonic  reach 

much  higher  than  the  pressure  which  our  voltmeter  shows.    The  latter 

\  is  the  square  root  of  mean  squares,  but  the  insulator  feels  the  ripples 
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which  act,  so  to  speak,  as  pioneers,  making  a  path  for  the  first  harmonic  Dr,  liapp. 
to  foUow»  Wiih  continuous  current  this  effect  cannot  take  place,  and 
the  loss  should  therefore  be  much  reduced.  As  regards  the  question 
of  cost,  ]  must  admire  the  great  pains  Mr,  Highfield  has  taken  in  work- 
ing out  his  tables,  and  I  think  they  will  be  very  usefnl  in  future  when 
one  has  to  make  preliminary  estimates*  Meanwhile,  it  may  interest 
the  meeting  to  hear  some  ligmes  as  originally  worked  out  in  very 
minute  detail  for  a  transmission  plant  in  Switzerland  ^  which  is  to  hnng 
about  12,000  k.w.  to  Zurich  from  the  River  Albula*  The  distance  is 
not  very  great,  only  85  miles.  Estimates  w^ere  made  for  two  sj^s terns, 
one  the  ordinary  3-phase  and  the  other  the  direct-current  system*  As 
regards  the  choice  of  pressure,  it  is  interesting  to  note  that  the  figures 
which  Lord  Kelvin  has  just  mentioned  are  almost  exactly  the  figures 
which  the  engineers  of  the  Zurich  transmission  scheme  decided  on 
after  careful  investigation.  Lord  Kelvin  said  80,000  and  40,000  volts, 
and  as  a  matter  of  fact  the  design  for  the  transmission  to  Zurich  was 
based  on  direct  current  of  80,000  volts  and  3-phase  current  of  46,000 
volts.  That  is  at  the  generating  end.  At  the  delivery  end  in  Zurich  it 
would  be  40,000  volts  3-phase,  and  68,000  direct  current,  In  both  cases 
the  generating  station  is  15,000  k.w.  The  delivery  w*as  a  little  more  1 
with  3«phase  current,  namely,  11^800  k.w,  delivered  in  Zurich  under  a 
pressure  of  40,000  volts,  whilst  with  the  continuous  current  transmission 
only  10,500  k.w,  would  be  delivered,  but  also  in  the  shape  of  3- phase 
current  at  40,000  volts.  The  necessity  of  conversion  at  the  delivery 
end  is  the  cause  why  with  the  direct-current  system  the  efficiency  is 
not  so  great.  This  brings  me  to  a  point  which  Mr,  High  field  has  men- 
tioned, namely,  that  efficiency  should  be  considered  financially.  Trans- 
lated into  money  value,  the  continuous-current  system  comes  out  ^ 
better.  The  total  cost  of  the  continuous*current  system  was  j^i  20,000, . 
and  of  the  alternating-currenl  £^247,000,  That  means  that  the  alternating  ' 
system  is  slightly  dearer,  but  it  must  be  remembered  that  that  system 
delivers  at  40,000  volts  into  an  existing  ring  main.  It  is  an  accident 
that  that  ring  main  exists,  but  it  is  very  convenient  for  the  alternating 
current.  If  sub-stations  had  to  be  put  up,  as  is  necessary  for  the  con* 
tinuous  current,  then  the  difference  would  be  greater.  In  putting  both 
systems  on  to  the  same  basis,  in  this  one  particular  case  we  find  that 
the  prime  cost  is  £2^  per  k.w.  delivered  for  the  j^phasc  and  £21  for  the 
d ire ct< current  system.  The  difference  in  total  cost  is  not  very  great, 
but  the  difference  in  the  cost  of  the  fine  is  %'cry  great.  In  the  alterna- 
ting-current 3-phase  system  the  line  cost  £156,000,  whereas  the  direct- 
current  line  only  cost  £"1^,^00,  This  is  with  a  comparatively  short  line. 
For  greater  distances  the  influence  of  the  line  on  total  cost  would  be 
greater,  and  the  continuous-current  system  must  come  out  considerably 
cheaper.  Even  on  moderately  long  lines  when  cables  have  to  be  used 
the  difference  in  total  cost  will  be  considerably  in  favour  of  the  con- 
tinuous-current system. 

Mr,  C\   P.  Sparks  ;   I   have  had  my  attention  riveted  an  alter-  ifr.  Spariu.  | 
natjng-current  work  for  the  last  twenty  years,  and  in  this  country, 
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with  the  absence  of  water  power  and  the  comparatively  short  distanct 

of  transmission,  the  alternating  current  has  served^  and  is  likeiy  lo 
serve  nSj  for  a  long  timc»     But  this  country  of  onr^  is  only  a  small  unit 
in  a  great  Emprre^  and  in  looking  round  the  Empire  I  feel  that  the 
scries  direct-current  system  brought  to  our  notice  by  Mr*  Highfield 
is  of  great  importance,     Where  wc  are  dealing  with  water  power, 
long  di^tanceSf  and  a  hxed  amount  of  energy  for  trau^missionj  I  h;ivc 
no  doubt  of  the  advantages  of  this  system.    At  the  moment,  without 
discussing  that  point,  there  are  one  or  two  matters  that  I  should  Ukc  U 
refer  to  in  the  paper,  amongst  the  many  interesting  particulars  that  ar^ 
brought  to  our  notice  by  the  author,      I  do  this  to  elicit  information, 
and  not  to  criticise  a  paper  ttiat  has  been  most  ably  put  before  us* 
First,  with  regard  to  the  comparison  of  direct  and  alternating  current, 
I  have  no  experience  of  \^ry  high-pressure  direct  currents  ;  but  looking 
back  to  the  early  days  when  we  operated  with  3^000  volts,  or  somc' 
times  with  6,000,  with  series  a  re- lighting  machines,  one  remtfml>en 
that,  although  with  overhead  wires  the  difficulties  were  not  great,  thai 
with  underground  conductors  the  direct  current  proved  at  that  time  a 
source  of  great  difficulty.     Comparing  lower  pressares  again,  we  have 
the  fact  that  direct-current  mains  laid  underground  have  generally 
proved  a  source  of  greater  difficulty  than  alternating-current  mains  at 
the  same  pressure.    That  is  due  to  the  electrolytic  action  of  direct 
currents,  and  to  the  fact  that  the  negative  conductor  attracts  moisture 
and  tend:*  to  break  down.     Persoually,  I  think  the  comparison,  instead 
of  being  in  favour  of  the  direct-ctirrcnt  system,  is  in  favour  of  tin.- 
alternating  current  with  tmderground  cables,  and  in  place  of  being 
two  and  a  quarter  limes  in  favour  of  the  direct  current,  it  is  very  mucb 
the  same  ratio  in  favour  of  alternating.     In  this  I  am  speaking  with  an 
experience  of  comparatively  small  pressures ;  I  have  no  experience 
of  the  big  pressures  that  have  been  put  before  us  to-night ;  but  put 
the  lines  overhead^  and  then   1  am  with  the  author ;    I   think  the 
advantages  there  are  great.     The  conditions  of  working  are  so  entirdy 
different   from    underground,   that   I   have   no  doubt    the   figure  he 
gives  in  favour  of  the  direct  current  is  in  the  proportion  mentioned 
Secondly,  I  notice  in  the  paper  (page  475)  an  allusion  to  a  short  length 
of  underground  cable  which  has  been  laid  for  use  with  high-pressure 
direct  current.     It  would  be  interesting  to  have  particulars   of  the 
insulating  material,  and  the  working  pressure  of  that  particular  cable  to 
earth,  which  depends  on  the  position  of  this  cable  relatively  to  the 
load  and  the  earth  connection.    Another  point  I  should  like  to  refer 
to  is  the  question  of  alternating  di*ftribiitiom     The  series  system  is  new 
to  me  ;   1  have  not  thought  about  it  for  over  twenty  years,     There  is  a 
comparison  between  alteruating- and  continuous-current  distribution  in 
the  diagram  (Fig.  17),     If  I  was  starting  from  the  point  {power  station) 
set  out,   I   should   not   lay  out  the   alternating  system   in   the  way 
proposed.    The  alternating-current  system  shown  has   118  miles  ol 
conductor,  and  there  is  only  a  single  supply  to  each  sub^stalioit* 
Alternatively  one  might  connect  sub^station  (4)  on  the  one  side  to 
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Ko.  lo  on  the  other,  and  thus  ha%^e  two  rings  giving  at  least  a  MrSpark*. 
duplicated  supply  to  each  sub-station.  There  would  be  131  miles  in 
this  case,  against  118  proposed.  But  the  extra  14  miles  give  a  dupli- 
cated supply  to  each  alternating-current  sub-station,  which  is  of 
great  advantage  as  compared  with  the  single  supply  on  the  direct- 
turrent  system.  Then  as  to  the  method  of  carrying  out  the  work,  the 
llternatiug-current  system  can  be  developed  gradually  just  as  on  the 
direct.  One  can  begin  with  two  legs,  and  when  they  have  advanced  a 
certain  distance  they  can  be  looped,  and  if  this  is  done  they  can  be 
extended  gradually  over  the  whole  area,  fmalJy  duplicating  the  ftrst 
ring-  No  doubt  this  is  only  a  diagrammatic  case  put  before  us,  but  on 
looking  at  the  demand  in  that  area»  shown  at  7.000  k.w,,  it  appears  to 
me  that,  with  a  station  situated  at  the  edge  of  the  district,  the  only 
economic  method  of  supply  is  by  an  aerial  line.  If  an  aerial  line  is 
impossible,  then  the  station  should  be  in  a  more  central  position.  With 
regard  to  the  comparative  losses  in  the  two  systems,  in  the  case  of  the 
diiGct  current,  the  low  cost  of  the  units  lost  spread  over  the  whole 
Njfeari  and  the  high  cost  of  the  units  lost  on  the  peak  with  the 
alternating  system  is  pointed  out  on  page  498,  Without  criticising  the 
figures  given  by  the  author  of  03d.  per  unit  in  one  case  and  3'ocl.  in 
the  other  I  I  see  he  takes  in  the  case  of  the  direct  current  ^'  the  per- 
centage the  constant  loss  bears  to  the  output  is  24  per  cent,  ** ;  and 
then  say:^i  "This  would  compare  with  an  o%'erali  loss  in  the  mains  of, 
say.  10  per  cent,  on  the  parallel  system/'  In  the  parallel  system  the 
greatest  loss  is  at  full  load  at  the  furthest  point,  and  the  average  loss 
on  the  system  is  less.  In  making  out  a  l>alance-shect  for  a  year,  it 
appears  to  me  that  the  direct-current  losses  at  time  of  full  load  in 
this  particular  case  would  be  between  5  and  6  per  cent.,  while  average 
altc mat ing-cur rent  loss  at  this  load  wonid  be  less,  while  the  actuiii  units 
lost  during  the  year  would  be  so  much  greater  in  the  direct-current 
case  than  in  the  alternating  current  that,  taking  the  units  at  the  price 
givenj  it  shows  with  4,000- k.w^  demand  and  25  per  cent,  load  factor 
that  the  alternating  current  is  the  cheaper  one  of  the  two  so  far  as 
losses  are  concerned*  The  last  point  I  should  like  to  make  is  this  i 
The  author  claims  on  page  502,  '*  The  ability  to  extend  the  possible 
'  commercial  transmission  distance  far  beyond  that  possible  with  alter- 
nate currents.'*  With  that  I  thoroughly  agree  ;  and  then  he  adds^ 
*'  And  particularly  in  those  cases  where  underground  transmission  15 
essential,'*    With  that  I  totally  disagree, 

Mr.  Thomas  Hesketh  :  There  are  two  or  three  points  in  this  paper  Mr, 
upon  which  I  would  tike  to  make  a  few  remarks.  Lord  Kelvin  has  M*'*^"^*^- 
touched  hghtly  on  the  first  of  Ihem.  The  point  I  refer  to  is  the 
question  of  the  insulation  resistance  t  the  relative  values  of  alternating 
as  against  continuous  current  as  bearing  on  the  insulation  resistance  of 
the  cables.  Lord  Kelvin  suggested  that*  viewed  only  from  a  scientific 
or  laboratory  experimental  point  of  view  of  the  spark-gaps,  the  con* 
tinuous  current  had  a  very  decided  advantage  over  the  alternating 
urrent.    The  second  speaker  agreed  with  the  point  tliat  the  author 
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Mr.  raised  :  that  the  advantages  in  favour  of  the  continuous  current  were 

Hesketh.        some  two  and  a  half  times  that  of  the  alternating  current    The  next 
speaker  said  that,  on  account  of  the  power  the  negative  cable  has  d 
attracting  moisture,  and  also  from  electrolytic  reasons,  the  contmuoos- 
current  cable  was  at  a  decided  disadvantage  as  compared  with  tbe 
alternating  current.    They  arc  all  three,  to  my  mind,  correct,  as  far  as 
they  have  gone,  but  they  have  not  gone  far  enough.     Nearly  tbe  whole 
of  the  trouble  that  we  are  accustomed  to  in  practical  working  is  not  so 
much  caused  by  the  breakdown  of  dielectrics  due  to  applied  electro- 
motive force,  but  is  caused  by  phenomenal  electromotive  force  wbei 
surges  or  resonance  effects  are  set  up.  In  my  own  station  I  amromuD^ 
a  continuous  current  set  at  a  voltage,  you  may  call  it,  of  3,000— 2,9& 
we  have  actually  worked  at — and  the  current  generated  is  sent  onooe 
cable  two  miles,  and  on  another  cable  four  miles.    We  have,  like  manj 
alternating-current  stations,  had  breakdowns  varying  in  degree,  bat  I 
am  satisfied,  from  the  results  of  those  breakdowns,  that  it  was  not  tk 
applied  electromotive  force  which  caused  the  trouble.     Resonaooe 
effects  undoubtedly  were  set  upvalthough  the  lines  were,  one  woaW 
imagine,  the  most  suitable  for  col^inuous-current  working.    Ifl  oof 
case  the  electrostatic  voltmeter,  onVof   Lord   Kelvin's  instruments, 
calibrated  up  to  3,000  volts,  and  whicnN|Duld  stand  in  the  laboratory 
at  least  6,000  to  10,000  volts,  sparked  abrass.     It  could  not  bavt 
sparked   across   with   anything   like   the    normal    working  curreot 
Again,  the  brush-holders  of  the  particular  machines  J  am  referring 
to  are  extremely  well  insulated ;  mica  and  very  large  ebonite  caps 
being  made  use  of,  but  the  spark  jumped  a  distance  of  ahleast4iQS> 
over  these.    This  was  not  a  spark  of  an  ordinary  3,000  coiatinuoos- 
.  current  voltage,  although  it  might  possibly  have  been  dragged  out  of 
I  its  track  by  the  influence  of  the  fields.    But  a  more  conclusive,  proot 
that  a  resonance  effect  is  rather  to  be  looked  to  as  the  cause  of  break- 
down, than  the  applied  electromotive  force,  is  given  by  the  per- 
forations which  take  place  in  the  armature  windings  every  tune  1 
interruption  of  this  class  occurs.    If  one  can  follow  in  one's  mi^  I 
from  the  cables,  through  the  main  switches,  up  from  the  holders 
down  the  commutator,  up  to  the  inductive  windings  on  the  armaturd 
I  think  it  will  be  agreed  that  the  first  real  impedance  for  a  curren 
surge  comes  in  where  the  conductor  leaves  the  commutator  segments 
and  passes  between  the  iron  of  the  armature  and  the  field ;  it  is  always 
at  this  particular  point— the  right-angle  point  where  the  wire  leaves 
the  commutator  and  runs  along  the  armature— that  the  spark  br^s 
through    the   insulation,  not   from   one    conductor  to  another,    u 
apparently  into  space,  sometimes  leaving  a  puncture  as  large  as 
end  of  a  lead  pencil,  at  other  times  leaving  a  multiplicity  of  s 
pinholes,  which  I  look  upon  as  being  much  more  serious  m 
effects.    The  reason  I  say  this  is,  that  when  tbe  larger  P^^^^^^^ 
are  left,  one  sees  them  and  takes  precautions  to  insulate  them  ag^  ^ 
before  putting  the  machine  into  action.    These  pinholes,  in  tbe 
am  referring  to,  occur  not  when  a  serious  accident  takes  p'^cc, 
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^when  a  heavy  short-circuit  —  of,  say,  150  k.w.  —  occurs.     At  other  Mr. 
times  the  quick  reduction  of  current  flow  will  cause  the  evil,  as,  for  "««*'«t*^- 
example,  when  a  circuit  is  opened  on  full  load. 

In  one  case,  owing  to  negligence  on  the  part  of  the  switchboard 
attendant,  the  wooden  blocks  specially  provided  to  put  the  automatic 
cutouts  out  of  action  were  omitted  to  be  placed  in  position,  and  the 
result  was  the  main  switches  opened  when  a  current  of  120  amperes 
^Kras  flowing.    We  then  got  probably  the  biggest  surge  that  we  have 
ever  had,  and  with  regard  to  the  machine,  apart  from  the  armature 
being  destroyed,  the  commutator  was  burned  all  the  way  round,  whilst, 
in  addition  to  the  pinholes  I  have  previously  referred  to,  the  mains 
broke  down  at  two  places  where  sharp  right-angle  bends  existed. 
When  a  serious  perforation  takes  place  it  is  bad  enough,  but  what  I 
strongly  object  to  on  the  part  of  these  resonance  effects  is  that  they 
make  small  perforations,  because  one  is  able  to  run  the  machines  up 
again,  and  it  is  only  after  a  lapse  of  considerable  time  that  the  dirt 
and  dust  works  into  the  perforation  and  one  is  worse  off  than  one  was  i 
before.    From  this  point  of  view  the  advent  of  the  Thury  system  is  to 
be   regarded    with    the   greatest    of   all    pleasure,  because    with    a 
theoretically    light    machine    it    is    impossible,    I    take    it,    to   get    1 
oscillations  due  to  wide  variations  of  current.    If  there  is  no  reserve    / 
of  energy  stored  up  in  the  flywheel,  the  engine  under  theoretical  con-    1 
ditions  would  automatically  maintain  a  constant  current,  and  not  send    i 
a  large  current  productive  of  surges.    This,  to  my  mind,  is  one  of  the  i 
very  greatest  advantages  in  the  Thury  system,  and  far  outweighs  the 
disadvantage  of  electrolytic  or  osmotic  action,  or  the  capacity  the  nega- 
tive cable  has  for  attracting  moisture.    I  believe,  as  regards  under- 
i   ground  cables,  if  those  cables  always  remained  in  the  condition  in 
I  which  they  were  sent  out  by  the  makers  the  moisture  would  not  be 
1  drawn  into  the  negative  cable,  and  I  feel  sure  that  surges  which  are 
\  never  recognised  by  engineers  cause  minute  microscopic  perforations, 
7  and  these  permit  of  the  moisture  being  drawn  in.    Apart  from  osmotic 
'  effects  or  punctures,  there  is  a  strange  breathing  action  taking  place 
:  in  all  large  conductors  when  variable  currents  are  sent  through  them. 
Imagine  the  case  of  a  large  conductor  running  at  a  light  load  in 
certain  parts  of  the  twenty-four  hours,  and  heavily  loaded  later  on  ; 
the  conductor  heats  up  to  an  appreciable  extent,  and  expels  any  air 
that  may  be  locked  in  the  interstices.    On  cooling  down  the  opposite 
-  effects  take  place;  and  if  there  are  appreciable,  although  only  micro- 
/  scopic  perforations,  moisture  would  be  drawn  in  which  would  readily 
lend  itself  to  electrolytic  action,  and  the  end  of  the  cable  would  be 
I  assured. 

I        I  have  dwelt  at  some  length  with  the  question  of  surges,  for  I  have 

'  felt  for  some  time  that  English  engineers,  owing  to  the  restricted  areas 

of  supply,  have  not  had  the  opportunities  American  and  Continental 

engineers  have  had  for  practical  illustrations  of  the  effects  they  create, 

and  in  case  it  may  be  assumed  that  the  effects  I  have  drawn  attention 

I    to  are  particularly  associated  with  continuous-current  working,  I  would 
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briefly  draw  the  members'  attention  to  that  admirable  paper  on  sur^ 
by  Stcinmet7|  and  if,  as  I  have  endeavoured  to  prove^  the  greater 
portion  of  breakdowns  are  occasioned  by  resonance  or  other  capacity 
effects,  then  it  is  clear,  in  addition  to  the  advantages  so  ably  put  for- 
ward by  Mn  High  fie  Id,  that  the  Thury  system  brings  with  it  a  g^&ai 
probability  of  eliminating  these  less  usually  recognised  evils. 

The  author  has  raised  the  question  of  the  difficulty  of  building  con- 
tinuous-current machines  with  voltages  high  enough  to  carry  out  to  the 
full  effect  the  Thury  system,  and  he  has  advocated  the  use  of  a  pair  ol 
machines  to  double  the  preiicnt  working  voltage,  A  suggestion  wu 
made  to  me  by  a  firm  of  dynamo  builders  some  time  ago,  which  I  cati* 
not  help  thinking  was  based  upon  the  supposition  that  commntation  of 
3,000  volts  was  difficult.  It  was  to  the  effect  that  they  were  prepared 
to  build  a  30O'k.w*  machine  to  work  at  3,000  volts  continuous  current, 
provided  they  were  allowed  to  use  a  double- wound  armature  and  two 
commutators,  the  brushes  of  these  commutators  being  coupled  in 
series,  and  so  halving  the  E*M,F.'s  between  the  segments  on  the  com- 
mutators. Now,  as  a  matter  of  fact,  there  is  absolutely  no  diflBcolty  in 
commutating  3,000  volts,  but  the  provision  of  twin  commutators  and 
double- wound  armatures  wotild  excellently  overcome  the  difiictittici 
Mr*  High  field  has  mentioned  on  page  47^  in  the  way  of  doubling  tht; 
line  current  in  the  event  of  the  growth  of  the  station  warranting  such 
change. 

Discussion  at  Meeting  or  March  14,  1907. 

Mr    W*    H.    Patchell:   The    subject    of    direct-current    trans^ 
missioji  is  one  winch  has  always  had  a   particular   interest  for  roc. 
Twenty  years  ago   I   was  engaged  as  works  manager  of   the  Elec- 
trical   Power    Storage    Company    with    the    late    Mr,    Frank    King, 
engineer  of  the  Company,  in  working  out  a  patent  scries  system  d 
charging  batteries  with  the  disc  barge  in  parallcL    The  experience 
we  then  had  in  trying  to  build  up  several  hundred  volts  by  putting 
Edison,  Siemens,  Schuckert,   and    sundry  other   machines  in  series 
was  very   enter taining*      We   also   experimented   with  a   Thomson* 
Houston  and  a  Statter  constant*current  machine  for  the  same  purpose. 
We  got  the  system  to  such  a  stage  that  we  found  we  could  promote  a 
company,  and  in  1888  a  Provisional  Order  was  obtained  for  the  area 
which  is  now  supplied  by  the  Chelsea  Electric  Supply  Company,    As 
the  fngh'tension  steam  dynamos  for  charging  the  batteries  in  series  at 
500  volts  would  be  doing  nothing  at  the  time  of  the  peak  load,  we  then 
had  to  develop  a  rotary  converter.     We  had  considerable  opposition 
in  getting  the  machine  from  the  Electric  Construction  Corporatioa, 
who  considered  we  should  never  be  able  to  make  such  an  arrangment 
work,  and  had  in  the  meantime  bought  the  E.P.S.  works*     W'e  solved 
the  difficulty  by  building  an  armature  at  Mill  wall  for  a  Wolverhampton 
frame,  and  having  proved  that  such  a  machine  was  feasible,  Chelsea 
was  equipped  with  them*    A  further  development  of  the  scheme  was 
the  ** Oxford  system"  with  the  long  range  control    WalsaJl  and  HuJl 
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Lire  re  also  equipped  on  the  system.  Some  years  later  I  went  to  the 
Eharing  Cross  Company,  and  wbcn  I  had  to  develop  the  station  at 
Lambeth  I  carried  out  the  extensions  on  i,ooo  volts  continuous  current^ 
and  I  suppose  /or  many  years  the  Lambeth  4,000-k.w.  plant  was  the 
largest  of  that  type  running.  That  brings  me  to  the  opening  page  of 
the  paper,  where  the  author  says  that  the  use  of  direct  current  gets 
over  the  difficulties  to  which  we  are  more  accustomed  with  alternating 
current.  That  is  not  my  experience.  Direct  current  does  not  cause 
breakdowns  and  surges  so  frequently  as  alternating  currentj  but  when 
a  breakdown  with  continuous  current  does  happen ^  one  then  begins  to 
realise  that  something  special  is  going  on  !  Although  it  is  not  distinctly 
stated  in  the  paper,  I  gather  that  in  M,  Thiiry's  machines  his  fields  are 
excited  wuth  the  full  line  current^  and  they  work  as  series  machines, 
P  did  not  care  to  put  1,000  volts  on  shunt  fields,  so  I  had  them  all 
kparately  excited  at  200  volts.  At  first  there  was  no  ir>terlocking  gear, 
knd  the  apparatus  was  not  fool-proof.  When  a  man  pulled  the  wrong 
^Switch,  we  got  surges  and  jumps  far  larger  than  could  possibly  have 
been  due  to  1,000  volts.  We  had  not  Mr,  DuddelTs  oscillograph  and 
the  other  means  we  have  now  of  telling  what  the  pressure  really  was, 
and  all  we  could  do  \vas  to  put  up  shields  and  increase  the  distances 
fbetween  live  parts*  If  we  had  had  the  insulating  floors  round  our 
machines  and  switchboards  which  M,  Thury  noMr  works  with,  and  had 
not  earthed  the  switchboard  frames,  we  should  have  been  saved  a  good 
many  breakdowns,  I  should  be  afraid  to  say  how  many  inches  that 
"i.ooo  volts"  jumped;  sometimes  with  a  faulty  machine  it  was  a 
•matter  of  a  couple  of  feet.  I  think,  therefore,  we  must  take  the 
^atement  on  the  first  page  ttiat  recourse  to  this  system  will  eliminate 
mM  I  hose  difficulties,  with  a  little  reservation  for  the  presenl.  A  great 
deal  of  the  trouble  that  we  experienced  was  no  doubt  due  to  the  large 
flower  behind  the  spark.  On  page  473  the  author  says  that  M.  Thury 's 
machine  was  working  at  i  ampere.  It  is  possible  to  do  anything 
!WUh  1  ampere,  but  wilh  big  machines  on  a  short-circuit,  and  with 
^uitold  current  flowing,  the  interest  begins.  The  initial  breakdown 
Is  not  the  worst  part  of  the  trouble  ;  it  is  the  arc  which  follows  that 
does  the  damage  :  so  if  the  current  is  limited,  the  breakdown  may 
'be  a  very  tame  affair  !  All  of  us  would  wish  we  bad  such  a  system 
that  %ve  need  not  mind  whether  a  machine  broke  down  or  not,  and 
could  leave  it  in  circuit  and  let  the  current  run  through  it,  as  it  is 
stated  on  page  477  M.  Thury  docs.  That  is  most  convenient;  and 
^we  who  have  been  responsible  for  parallel  stations  would  devoutly 
wish  weihad  machines  of  that  sort  !  On  page  482  the  author  refers 
to  a  rather  interesting  novelty^the  point  of  making  an  earth  connec- 
*t ion  for  a  system  do%vn  in  a  well.  In  mining  work  we  are  doing  that 
'constantly  i  but  as  to  the  possibility  of  doing  it  in  town^  I  am  reminded 
of  what  happened  some  years  ago  on  the  south  side  of  London.  The 
(engineer  of  a  supply  company  was  blamed  for  charging  up  a  man's 
railings*     He  did  not  sec  that  he  could  be  charging  those  railings, 

Chis  mains  were  in  the  street,    He  went  round  and  found  that 
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be  could  get  a  lock  oa  the  gai%'ajiometer  that  he  took  wilfa  him  off  tkt 
failings,  and  that  proved  to  bim  it  was  not  hb  own  current  becau^  he 
had  aJternating  supply  *  It  then  appeared  that  the  current  was  coming 
from  the  bowels  of  the  earth,  from  a  tube  which  was  running  at  a  coa- 
siderabJc  depth  beneath,  upon  which  there  was  no  station  anywhere 
near.  1  think  as  we  cannot  quite  rely  on  the  current  which  is  di^- 
charged  down  at  the  bottom  of  a  well  coming  up  exactly  where  w£ 
want  it,  that  sort  of  earthing  will  have  to  be  done  very  cautiously. 

On  the  question  of  earthmg*  the  system  seems  to  me  admirabiv 
adapted  for  a  set  of  sub-stations  under  one  control,  either  direct  or  \^ 
direct  control  Last  week  when  reading  his  paper^  the  author  dilated  on 
the  flexibility  of  the  system,  and  told  of  the  case  of  the  man  who  could 
take  out  his  threshing  machine  and  connect  up  the  motor  with  the 
overhead  transmission  wires  and  earth  the  return  without  interfering 
with  the  supply.  But  he  did  not  say  what  would  happen  to  the  rest  d 
the  circuit  if  another  man  went  out  at  the  same  time  with  another 
threshing  machine  on  the  opposite  side  of  the  ring ! 

The  author's  remarks  on  flywheels  I  do  not  quite  follow.  On 
page  488,  when  discus.>ing  prime  movers,  he  says,  "  I  believe  it  to 
be  a  mistake  to  lay  out  even  a  parallel  system  in  the  usual  way — ^tha^t 
is  to  say,  with  enormous  flywheels  on  the  generator  and  no  Aywheeh 
near  the  load/'  Those  of  us  who  are  used  lo  working  with  reciprocal* 
ing  engines  rely  on  the  flywheel  forgetting  even  turning,  and  especially 
with  an  alternating  plant  that  is  absolutely  important.  With  the  series 
!>ystem  it  is  not  so  important,  but  I  fail  to  see  how  an  engine  coald 
get  over  its  centres  comfortably  without  a  certain  amount  of  flyw*hcei 
on  it.  As  to  the  flywheel  near  the  load,  that  lias  been  done  years  aga, 
and  has  been  done  again  lately  on  the  Ilgner  system  for  getting  steady 
turning  for  winding  motors.  A  25-lon  or  even  larger  flywheel  on 
a  motor-generator  is  placed  close  up  to  the  winder  (it  does  not  matter 
how  far  away  from  the  source  of  power),  and  then  with  a  steady 
load  on  the  power  station  all  the  time,  an  intermittent  huge  amount 
of  power  is  obtained  at  the  winder.  The  author  remarks  that  we  get 
a  constant  torque  ou  reciprocating  steam  engines,  and  then  a  little 
further  on  in  the  paper  he  says  that  we  get  the  same  advantage, 
constant  torque,  with  a  gas  engine.  Surely  the  most  ardent  advocate 
of  the  gas  engine  would  hardly  dare  to  claim  for  it  a  constant  torque, 
because  I  think  it  has  probably  the  most  uneven  turning  moment  of 
any  prime  mover.  If  the  author  means  sometliing  by  constant  torque 
which  we  do  not  quite  understand  as  such,  I  hope  he  will  clear  it  up. 
Certainly  one  trouble, with  running  gas  engines  nowadays  is  the  any- 
thing but  constant  torque  that  they  give. 

On  the  last  page  the  author  sketches  out  tltc  adaptabiJity  of  this 
particular  system  to  mining  work.  I  am  referring  particularly  to 
his  second  class  of  work  on  page  501,  where  he  claims  that  the  series 
system  is  very  convenient  for  operating  hoists  and  similar  loads,  and 
a  little  further  down  he  evidently  refers  again  to  winding  machines. 
I  should  think  if   there   is   anything   which   this  series  system  at 
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present  is  nol  well  adapted  to,  it  is  a  wmding  engine^  unless  with  the  Mt. 
Ilgner  system^  and  then  it  does  not  matter  a  straw  whether  one  adopts    ^'^^  - 
a.   3-phase,  single-phase^  or   the  series  sj'stem  :   they  arc   all   equally 
adapted.     I  should  be  %*ery  glad   if^   in    his    reply,  the  author  will 
clear  up  a  few  of  these  points^  because  really  this  is  a  most  interesting 
description  of  a  novel  system. 

Mr.  Frank  BAtLiiY  :  It  is  somewhat  difficult  to  criticise  a  paper  of  Mr  BaiieyJ 
this  kind  in  the  light  of  any  direct  experience  of  such  a  novel  method. 
I  can  only  express  my  own  admiration  at  the  marvellous  way  in  wliich 
M.  Thury  has  overcome  the  novel  difficulties,  and  reached  such  a 
success  with  apparently  so  little  trouble.  It  is  quite  true,  from  the 
figures  given  in  Table  L,  that  the  scheme  as  carried  out  in  Switzerland 
dates  back  a  good  many  years,  and  apparently  at  first  sight  it  is  a  little 
difficitH  to  explain  why  a  method  which  has  proved  so  admirable  there 
has  not  yet  been  copied,  or  at  any  rate  carried  out  to  the  same  extent 
in  other  countries.  If  I  may  suggest  a  reason,  it  would  he  that  we 
have  been  somewhat  blinded  by  the  extraordinary  success  of  the 
admirable  points  of  the  3-phase  and  other  multi*pbase  transmission. 
While  it  is  to  be  regretted,  on  the  one  hand,  that  it  has  not  enabled  us 
perhaps  to  appreciate  t!je  good  points  of  the  other  system^  on  the  other 
hand,  I  must  admit  that  it  has  t>cen  an  educational  training  for  all 
concerned.  We  have  learned  a  good  deal  from  alternating- current 
work  ;  we  have  learned  what  to  avoid  ;  we  have  learned  how  to  over- 
come dififtculties  ;  and  last,  but  not  least,  the  investing  public  has  learned 
how  to  lose  its  money.  We  have  all  heard  of  power  schemes  in  this 
country .  Very  few  of  them  have  been  quite  so  successful  as  we  would 
like  :  and  bow  far  those  power  schemes  would  have  succeeded  had 
such  a  system  as  this  been  put  before  them  remains  to  be  seem  I 
cannot  speak  from  experience  of  such  high  pressures  as  the  designer 
of  this  system  is  using,  but  it  seems  to  me  a  remarkable  thing  that  one 
man  unaided,  with  no  previous  history  or  experience  to  guide  him,  should 
by  himself  have  carried  such  a  marvellous  scheme  to  a  successful  issue. 
In  our  own  experience — and  I  am  quite  sure  many  here  must  have 
had  more  experience  than  I  have  had  of  3* phase  and  other  trans- 
mission--we  have  seen  what  troubles  there  are.  It  would  be  wrong  to 
suggest  that  the  3-phase  is  the  perfect  or  ideal  system.  It  is  quite 
true  we  have  overcome  difficulties.  But  because  we  have  got  over 
difficulties,  it  h  no  reason  why  we  should  neglect  to  consider  the 
admirable  claims  of  a  system  of  this  kind*  We  have  seen  what  it  is  to 
put  alternators  in  parallel  and  to  run  two  steam  stations  in  parallel — I 
know  to  my  cost.  We  know  the  cjttraordinary  effects  we  can  get — 
impedance,  inductance,  and  surges  ;  but,  at  any  rate,  in  a  continuous- 
current  system  we  have  a  flexibility  of  system  and  an  elasticity  of 
control  which  only  those  who  have  had  continuous-current  work  before 
them  can  fully  appreciate.  Many  years  of  my  life  were  spent  in  trying 
to  overcome  alternating-current  difficulties,  and  it  is  only  within  the 
last  seven  or  eight  years  I  have  realised  what  absolute  peace  was,  and 
th^t  was  after  changing  the  system  from  alternating  current  to  con- 
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tifiucms  current  We  shall,  do  doubt,  be  told  that  to  Swit2ierlasd  this 
system  has  l>een  a  success,  partly  because  the  transmi^tm  is  by  ova- 
head  condoctors.  If  it  is  possibte  to  work  the  system  overh^id  ia  such 
a  manner  as  M,  Thury  has  done  in  Switzerland,  why  not  do  it  under- 
ground in  this  countn^  ?  We  have  all  had  trouble  with  cables,  and  wc 
have  heard  of  terrible  things  which  have  happened— we  have  c^ed  it 
quite  a  new  name^  osmosis.  Before  we  knew  that  word  we  nevtr 
dreamed  of  those  terrible  things  that  would  happen  to  cables.  If  a 
cable  broke  down,  we  found  the  fault  and  probably  condemned  the 
cable.  I  have  taken  out  many  miles  of  defective  cable,  mostly  india- 
rublK^r^  and  replaced  it  by  paper  cables.  For  many  years  pait  1  hai?c 
been  running  many  miles  of  paper  cable  with  3,000  volts  contintsous 
current,  and  we  have  not  had  a  single  fault*  If  osmosis  exists,  I  have  not 
seen  it.  If  cables  break  down,  no  doubt  moisture  gets  in,  but  the  system 
must  not  be  condemned  for  that ;  it  is  because  the  cable  is  bad.  U 
cable  makers  and  dynamo  builders  are  ready  and  willing  to  undertake 
the  responsibility  connected  with  the  new  system,  which  has  reached  a 
successful  conclusion,  why  should  we  throw  any  doubt  on  the  possibility 
of  introducing  it  ?  I  noticed  with  a  good  deal  of  gratijfication  that,  in 
the  tables  the  author  has  given  comparing  the  capital  cost  of  the  two 
systems,  he  has  not  erred  by  any  means  on  the  side  of  eicaggeratiou* 
To  my  mind  the  figures  he  has  given  are  quite  reasonable,  and  certainly 
warrant  our  best  study. 

Mr.  B.  M.  jEXKtv  T  It  seems  to  me  that  one  of  the  most  Important 
things  in  this  paper  is  the  que«^tion  of  the  use  of  the  3* wire  system, 
and  I  should  like  the  author  to  explain  that  maUcr  further.  Having 
had  experience  of  the  troubles  of  j-phase  current,  one  naturally 
wants  to  find  out  what  the  troubles  are  in  this  direct-current  system, 
and  therefore  if  I  suggest  certain  troubles,  it  is  only  to  enable  the 
author  to  explain  that  they  do  not  exist  rather  than  make  too  much  of 
them.  He  says  on  page  481  that,  ^'  In  the  3*wire  system  the  generators 
arc  divided  into  two  approximately  equal  groups,  and  the  middle  point 
is  connected  to  earth."  [  understand  him  to  mQu.n  by  that,  that  he 
connects  the  circuit  to  earth  at  the  power  house,  and  that  there  is  no 
other  earlh  on  the  system  outside.  That,  at  first  sight,  would  appear 
to  be  all  right.  He  says  further  down,  '*The  system  is  not  quite  so  safe 
as  the  2 -wire  system,  as  in  the  case  of  an  earth  in  some  part  of  the 
hue,  except  where*  the  earth  divides  the  motors  into  two  nearly  equal 
groups,  some  part  of  the  plant  will  be  stopped,  the  %vorst  condition 
being  when  the  earth  occurs  near  the  power  station,  when  lialf  the 
supply  will  be  stopped/'  I  have  tried  to  work  that  out,  and  the 
diagrams  will  show  my  difficulty.  Quite  likely  it  is  entirely  wrong, 
but  I  cannot  quite  understand  what  happens. 

Fig,  B  indicates,  diagrammatically,  by  the  full  hne  the  potential  drop 
over  the  circuit  at  full  load  with  the  system  earthed  between  the  two 
generators  at  the  power  house.  On  the  occurrence  of  a  fault  at  the 
point  indicated,  the  potential  diagram  is  altered  to  the  doited  hne  for 
generator  A,  and  to  the  dot-and-dash  line  for  generator  B,      About 
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three-quarters  of  the  load  is  thrown  on  A,  which  is  more  than  it  can 
deal  with,  and  the  current  drops  in  consequence.  The  drop  in  volts 
along  this  section  of  the  circuit  is  also  reduced.  The  remaining  part 
of  the  load  is  taken  by  generator  B,  which  continues  lo  work  %vith  full 


Fig.  n. 
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current,  hut  its  voltage  is  reduced  to  correspond  to  the  reduction  of 
load.    Only  one-quarter  of  the  circuit  is  working  properly. 

Fig.  C  shows  a  similar  arrangement,  but  with  a  permanent  earth 
iialf-way  along  the  external  circuit,  as  well  as  an  earth  between  the 
generators  at  the  power  house.  This  is  a  true  3*wire  system,  and 
pn  the  occurrence  of  a  fault,  as  before,  generator  A  continues  to  work 
with  its  full  current,  and  maintains  the  load  on  its  side  of  the  system. 
Generator  B  Likes  a  quarter  of  the  load,  maintaining  full  current,  but 
at  reduced  volts.  The  part  of  the  circuit  between  Ea  and  the  fault  is 
cut  out,  the  current  passing  by  earth  from  E2  to  the  fault.  Three- 
quarters  of  the  circuit  is  working  properly. 

Fig.  D  shows  a  similar  system,  bat  with  the  middle  point  of  the 
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external  circuit  permanently  earthed  only,  there  l>eing  no  earth  at  the 
power  house.  In  this  case,  oji  the  occurrence  of  a  fault,  the  same 
results  as  in  Fig.  C  are  obtained  on  the  external  circuit,  but  the  two 
generators  share  thp  load  equal! v,  the  %'olls  being  reduced  on  each  to 
Vou  88,  84 
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j^f.  Jtukitt.     the  same  extent    Three-qoarterx  of  the  drcuit  are  working  properly. 
01  the  three  arraogcmenls,  thiii  on  the  whole  appears  to  be  the  best. 

The  above  description  and  the  diagrams  arc,  of  cour^e^  ooly  an 
approximate  indication  of  what  occurs  with  a  f^ull  al  the  paiiicuhr 
point  chosen*  The  matter  is  further  com p heated  if  we  consider  \hc 
eifed  of  putting  a  second  power  house  on  to  the  circuit  '\^liai  woEiid 
happen  then  as  to  earthing  the  system  1  cannot  quite  see. 

The  next  question  I  would  like  to  ask  the  author  U  with  regard  to 
governing*  He  suggests  that,  with  steam  engines,  governors  are  not 
necciisaryt  because  one  can  let  them  work  against  the  generators,  tht: 
current  doing  the  governing  and  the  engine  running  as  fast  as  it  ou. 
But  in  the  case  that  I  have  shown  in  Fig*  B,  the  top  half  of  the 
load  becomes  too  great  for  the  engine  ;  the  current  is  decreased  in 
consequence,  and  the  engine  will  run  away.  Therefore  we  nmst  cer- 
tainly have  an  emergency  governor  to  hold  the  engine  from  racing.  I 
imagine  that  was  intended. 

The  question  of  the  CR  losses  I  feel  is  very  important  indeed*  and 
if  the  author  could  say  anything  further  than  he  has  done  upon  thai 
point  I  think  it  would  reassure  us.  At  the  foot  of  page  498  he  says  that 
"The  OR  loss  on  the  series  system  is  at  full  load  3  per  cent*"  He 
then  speaks  about  what  it  would  be  on  a  certain  load  factor,  and 
further  down  he  says,  "This  would  compare  with  an  overall  loss  id  the 
mains  of,  say,  10  per  cent,  on  the  parallel  system."  Does  thai  3  per 
cunt,  and  the  10  per  cent  mean  the  loss  in  the  mains  at  full  load, 
simply  kilowatt  loss  ?  (Mr.  Highfield  :  YeSv)  If  that  is  so,  it  seems  to 
me  that  it  is  hardly  fair  to  charge  the  constant  3  per  cent,  loss  (the 
losses  due  to  the  direct  current)  at  o*3d.,  and  to  charge  the  lo^^es 
in  the  alter  nating-current  system  at  3d,  After  all,  the  series  system 
losses  occur  in  the  mains  during  the  peak  load,  and  perhaps  that 
proportioti  of  these  losses  ought  at  any  rate  to  be  charged  at  3d  ; 
but  I  do  not  see  why,  when  they  occur  at  the  peak  in  the  parallel 
system,  they  should  be  charged  at  3d,  Further  than  that,  we  have  in 
the  generating  station  usually  a  number  of  auxiliary  motors,  and  so  on, 
and  I  do  not  think  it  is  customary  to  charge  all  the  current  to  them 
during  peak  load  at  3d,  It  seems  to  me  that  the  losses  in  the  mains 
should  be  charged  at  the  same  rate.  The  only  difference  apparently 
being  that  somewhat  more  plant  is  required  to  take  up  the  loss  in  the 
mains  at  the  peak  of  the  load  with  the  parallel  systein  than  is  required 
with  the  scries  system.  In  the  former  case  we  have  a  loss  of  10  per 
cent,  and  in  the  latter  3  per  cent.,  so  that  there  is,  say,  7  pt»r  ceoL 
difference.  The  cost  of  that  additional  plant  may  be  charged  to  the 
parallel  system,  but  I  hope  the  author  will  make  that  clearer. 

The  last  point  I  want  to  mention  is  one  which  strikes  me  as  of 
immense  importance  in  the  Thury  system,  and  that  is  the  possibihty  of 
using  it  for  coupling  alternating  systems  together*  Mr.  Htghficld  rdFer^ 
to  that  at  the  foot  of  p^ge  500,  where  he  says,  '*  Where  the  local  supply 
is  direct  current  there  is  no  difficulty,  but  where  the  local  supply  b 
alternate  current  it  is  always  difficult,  and  under  certain  circumstances 
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it  is  impossible.  With  the  scries  system,  on  the  other  hand,  there  is  no  Mr  jcfikin. 
difficulty  in  giving  any  class  of  supply,  nor  in  running  in  parallel  with  any 
local  plant/*  By  the  Thtiry  system  a  flexibiUty  is  obtained  between  the 
two  power  houses  which  cannot  possibly  be  got  by  any  arrangement  with 
alternating  current.  If  one  has  an  alternating-current  feeder  between 
two  power  houses,  and  it  is  attempted  to  couple  it  on  to  the  two 
alternating-current  systems,  those  two  stations  are  coupled  rj|^idly 
together  by  that  cable  and  its  motor-generators,  and  1  do  not  think 
one  would  dare  to  do  it ;  Mr.  Highfield  says  it  is  impossible.  But  with 
the  Thury  system  the  flexibility  of  the  series  constant-current  machines^ 
enables  it  lo  be  done  with  absolute  safety,  as  one  cannot  overload  the 
motor-generator  on  the  series  side.  The  motor  slows  up  and  will  not, 
I  understand,  take  more  power  than  it  ought  to. 

Mr  J»  J*  Fasola  :  The  paper  is  especially  interesting  to  me  becaui^e    Mr.  Fasoia. 
I  have  had  occasion  to  see  the  system  working,  and  during  the  several 
years  I  was  m  Zurich  this  question  was  a  topic  of  much  discussion, 
I  refer  to  the  Albula -Zurich  scheme  mentioned  by  Professor  Kapp, 
which  involves  the  transmission  of  16,300  k.w.  over  85  miles  between 
two  points  of  concentrated  load-     Perhaps  it  may  be  of  interest  if  1 
|?ive  the  final  results  arrived  at  in  this  money  scheme,  where,  after  a 
prolonged  study  of  all  details  influencing  the  question,  the  le^s  favour- 
able alternatives  were  eliminated  point  by  point*  and  tinally  the  two 
great  rival  systems  were  compared  at  their  best  respective  advantages. 
Professor  Kapp  has  given  figures  showing  estimated  cost  of  the  scheme  ► 
as  originally  worked  out,  but  the  figures  I  now  propose  giving  are  very  , 
carefully  compiled  from  last  September's  tenders,  and  were  submitted 
to  the  Town  Council  of  Zurich  in  the  form  of  an  exhaustive  compara- 
tive report  by  Mr.  Warner,  Director  of  the  Zurich  Electricity  Works,  1 
For  the  transmission  hne  they  adopted  in  the  j-phase  parallel  system  a  I 
voltage  of  45, too,  dropping  1040.000  through  four  sets  of  three  con-  | 
ductors,  each  8  mm.  In  diameter,  spaced  oS  metre  apart,  and  compared  I 
this  with  the  direct -current  series  system^  whereby  a  constant  current  I 
of  170  amperes  at  t/jpOoo  volts  would  be  transmitted  through  two  pairs  j 
of  conductors  67  mm,  in  diameter.     In  each  case  the  line  loss  wasj 
taken  at  11  per  cent.j  and  two  entirely  separate  transmission  lines  were 
provided,  with  iron  or  concrete  posts  80  metres  apart  in  the  direct- 
current  ease,  and  60  metres  apart  in  the  3'phasc  case,  the.  lowest  wire 
hanging  not  le^ss  than  8  metres  above  the  ground  level*     In  the  3 -phase 
case  five  section  isolating  and  arrester  houses  were  provided  for  each 
line,  interconnected  in  pairs;  whereas  in  the  direct-current  ease  six 
houses,  common  to  hotli  Unes^  were  considered  sufficient.    The  exist* 
ing  yearly  load  diagram  for  about  8,000  k.w.  was  available  to  base 
the  probable  future  load  diagram  upon  in  calculating  the  3'phase  line 
losses.    The  cost  of  3-phase  transmission  line  worked  out  about  ^74,500 
higher  (accounted  for  by  590  tons  more  copper,  1,100  more  posts,  675 
more  miles  of  copper,  and  20,200  more  insulators  lo  erect,  and  four 
more  section  stations),  but  the  losses  in  the  dircct-current  case  came 
put  to  17,300,000  — 2,400,000  =  14,900,000  k.w.-hour3  per  year  higher, 
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which,  even  taken  at  as  low  a  figure  as  ^d*  per  unit,  and  capitalised  at 

7  per  cent*,  represents  a  money  value  of  ^f  85,ooo»  thus  leaving  a  balance 
in  favour  of  3'phase  transmission  of  j£  10,300  for  the  transmission  line. 
The  power-station  comparison  was  made  between  eight  3,ooo-H,P. 
7,000-voU  3-phase  hydrauhc  units,  running  at  6qo  revolutions,  con* 
nected  direct,  without  intermediate  switchgear,  to^-phase  transformers 
with  extra  high  tension  secondary  switchgear  ;  and,  on  the  other  hantl^ 
eight  3,000- H.P»  hydrauhc  units,  each  coupled  to  two  double  commu- 
tator scries  dynamos,  giving  tw^ice  3,000  volts  each  at  375  revolutions* 
together  with  simple  switchgear  and  the  necessary  insulated  building. 
The  direct -current  series  generating  plant  also  worked  out  in  this  case 
the  more  expensive  by  £8,000  {accounted  for  by  an  extra  expense  on  the 
3 -phase  side  of  jfjiS^o,  ;£ioaO|  ;£!84oo,  and  £2^640  in  connectioo  with 
the  buildings,  turbo-exciters,  transformers,  and  switchgear  respectively, 
and  an  extra  expense  on  the  dircct*current  side  of  ;£2,320,  j£2 1,300,  and 
£460  in  connection  with  turbines  with  their  automatic  regulators  and 
insulated  couplings^  dynamos,  and  turbo-generator  for  local  supply 
respectively), 

The  transforming  sub-stalions  for  transforming  down  to  6,000  volts 
3-phasc,  and  the  direct- current  emergency  storage  plant,  likew^ise 
worked  otit  about  ^£30^000  more  expensive  in  the  direct -cur  rent  sericti 
system.  The  existing  load  consisted  of  a  5,20o-k,w»  single-phase 
lighting  load,  supplied  from  2,000- volt  cables,  and  distributed  on  the 
3-wire  system  at  1  x  105  volts,  a  1,500-k.w.  3-pha&e  power  load 
supplied  at  6,000  volts  and  distributed  at  500  volts,  and  a  i,7oo*k.w. 
direct-current  traction  load  supplied  from  3 -phase  motor -generator 
sub -Stat  ions  at  550  volts.  About  3,5oo-k*w.  were  being  taken  from 
a  distant  supply  company's  circuit  Altogether  a  total  balance  of 
;£48^5oo  was  obtained  in  favour  of  the  3-phase  parallel  system,  although 
this  figure  was  subsequently  reduced  to  £30,000  by  a  special  inquiry 
commission,  who  submitted  revised  figures  on  the  basis  of  a  5  per  cent. 
line  loss  in  the  scries  system,  which  was  proved  to  be  the  figure  for 
highest  economy  with  that  system.  Any  advantage  as  regards  higher 
security  in  the  transmission  line  of  the  direct-current  system  was  con- 
sidered  outbalanced  by  lower  security  in  the  stations.  Admiiiistratioti 
expenses,  wages,  and  maintenance  were  considered  as  about  balanced 
in  the  two  systems.  The  period  of  highest  demand  coinciding  with 
the  season  of  water  st^rcity  (December  to  February)^  constant  line  and 
machine  losses,  wliich  absorbed  more  than  one-third  of  the  daily  w*ater 
supply,  were  practically  inadmissible.  Further,  in  the  3-phase  case  a 
very  considerable  part  of  the  capital  outlay  might  be  postponed  until 
the  power  demand  called  for  it,  or  a  favourable  market  opportunity 
occurred.  Everything  taken  into  account,  therefore,  the  result  of  the 
comparison  was  in  favour  of  the  3-phase  system.  This  result  does  not 
necessarily  conflict  with  the  figures  given  by  Mr.  High  lie  Id,  as  the 
3-phase  system  appears  to  be  at  a  disadvantage,  in  long  transmissions 
at  any  rate,  at  the  comparatively  low  voltages  of  io,oao  to  20,000  volts 
taken  in  the  paper  in  connection  with  cabl^i    Further,  1  thln)^ 
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fact  that  the  peak  of  the  load  will  only  be  likiily  to  occur  for  two  or  Mr*  Fawli- 
three  hours  jtistifies  a  compariiion  between  normally  rated  constant- 
current  machines  and  3 -phase  machines  normally  rated  to  give  15  to 
25  per  cent,  lower  output,  so  that  they  could  still  give  the  overload 
during  the  peak  period. 

1  am  informed  that  the  cost  of  the  turbines,  buildings^  and  3-phase 
line  will  actually  be  made  op  as  follows  :  £43,080  for  the  electric 
equipment  of  the  generating  station,  £19,200  for  the  hydraulic  equip* 
mcnt  of  the  generating  station,  £t^,t20  for  buildings,  £72,000  for 
the  transmission  line,  making  altogether  £147,400  without  the  sub- 
stations. The  cost  of  the  sub-stations  has  not  yet  been  definitely  fixed, 
but  the  figure  wotitd  be  of  secondary  Importance,  as  it  is  influenced  by 
the  special  local  requirements  at  the  distributing  centre.  When  the 
Town  Council  of  Zurich  introduced  a  Bill  for  raising  £429,400  in  con- 
nection with  this  scticme  last  June,  ttie  price  of  the  sub-stations  for  the 
direct-current  series  system  was  estimated  at  £61,473, 

Tliury  automatic  gears  are  the  best  I  know  of  their  kind^  but  the 
results  of  a  possible  failure  may  be  very  disai^trous.  Constant  maximum 
demand  CR  losses  in  the  hne  and  the  machinery  windings  are 
decidedly  a  great  objection.  The  seriousness  of  a  possible  interruption 
of  current  tends  to  necessitate  large  spaie  generating  plant  at  the  dis- 
tributing centres  on  long  transmission  lines.  The  series  system 
appears  to  be  at  a  disadvantage  where  transmission  between  other 
than  two  or  three  large  concentrated  load  centres  is  concerned, 
Increase  of  the  voltagCi  especially  with  large  amounts  of  power^  is 
attended  by  a  costly  increase  of  the  number  of  units*  Water-power 
generating  plant  may  run  at  a  favourable  speed  for  series  dynamos,  but 
the  manufacturers  are  still  experiencing  difficulties  with  the  design  of 
direct -current  steam  turbo -generators  at  low  voltages,  and  the  proispects 
of  success  in  the  direction  of  large  high- voltage  direct-current  turbo- 
dynamos  seem  very  remote.  The  application  of  the  series  system  to 
direct  individual  power  supply  does  not  seem  to  promise  much  on  account 
of  the  insulating  dangers  and  the  comparatively  high  cost  of  machinery 
for  the  same  maximum  torque  where  high  overload  torques  with  constant 
speed  gear  are  involved.  1 1  is  not  an  easy  matter  to  lay  out  economically 
a  series  system  for  an  unknown  future  demand,  especially  when  the 
voltage  has  to  t>e  near  the  upper  limit  to  start  with.  The  necessity  for 
the  immediate  full  capital  outlay  iu  long  transmission  lines  is  in  some 
cases  a  serious  drawback*  If  to  this  are  added  Ihc  prospective 
troubles  arising  from  commutators*  and,  where  cables  are  concernedi 
from  electrolysis  and  osmosis,  it  may  be  concluded  that  only  a  most 
exhaustive  comparison  of  the  two  rival  systems  under  the  particular 
conditions  of  each  individual  case  can  decide  whether  the  many  apparent 
merits  of  the  direct-current  series  system  really  justify  its  adoption. 

Mr,  H,  M.  HoiLVRT  :  In  Figs.  2  and  3  there   arc   some   curves  of   Mr.  Hobaru 
sparking  distances,  with  50-  c\j  aJternating  current  on  the  one  hand 
and  direct  current  on  the  other*     If  for  the  alternating-current  tests 
curve  a,  which    gives  the  sparking   distance  between  two  spheres 
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of  20  mm.  diAoieier,  m  examiacd,  it  will  be  itmnd  tfa^t  ^jotso  volts 
corre^poncb  lo  a  sparking  dtsUiK«  ol  jo  nun.  On  cixnre  r  for 
direct  cor  rent  it  will  be  noticed  lliat  59,000  voHs  bridge  tlia! 
di&tance.  The  ratio  is  thus  about  i|  and  aot  2.  Tiking  the  case  of 
tcstJt  from  plate  to  point,  it  will  be  found  tbal  with  alteroaixng 
current  50  mm.  were  bridged  by  about  28,000  volls^  and  wttb 
direct  current  50  mm.  were  bridged  witb  41,000  volts  wbeii  the  point 
i^  positive  and  the  plate  is  ueg^it'e.  Thu$  we  again  hsve  a  latto  of 
about  I'S^  In  other  cases  the  ratio  is  3  and  more;  but  it  secm^  to  mc 
that  it  will  not  be  safe  to  design  insulators  for  other  than  the  moit 
«*evere  condilioos  that  are  likely  to  occur.  I  do  not  myself  consider 
that  there  can  be  much  in  that  higher  factor  of  2,  Much  depends,  in 
insulation  tests,  upon  very  many  at  first  sight  unimportant  conditioijii, 
and  f  suggest  that  it  would  have  been  interesting  if,  when  giving  thc« 
tcht*i  on  the  pre:»>paha  and  on  the  piece  of  marble,  the  dimensions  and 
shape  of  the  electrodes  had  been  given,  as  w^cii  as  various  other  details 
regarding  the  tests.  One  might  judge  from  the  paper  that  these  tests 
were  drawn  from  a  large  mass  of  such  data  ;  but  inasmuch  as  these 
same  tests  on  the  presspahn  and  the  marble  were  given  constderahk 
publicity  three  years  ago,  and  these  alone^  it  seems  almost  as  if  only  a 
very  limited  amount  of  testing  had  been  carried  out  with  reference  to 
this  important  point.  H  any  other  tests  made  by  the  advocates  of  this 
system  are  available,  it  would  be  very  interesting  if  the  author  could 
publish  them.  The  effect  of  the  periodicity  will  also  change  this 
constant  of  1*5  or  2.  Mr.  Hayner  brought  this  out  in  some  tests  he 
made  at  the  National  Physical  Laboratory,  and  it  may  be  that  he  has 
made  sitill  further  tests  regarding  the  matter.  If  the  disruptive  strength 
varies  with  the  periodicity,  one  cannot  state  the  ratio  of  the  disrup- 
tive strength  on  direct  current  and  on  alternating  current  without 
further  qualification.  These  are  tiresome  details,  but  they  are  necessary 
in  leading  up  to  a  rather  far-reaching  point  at  a  later  stiige  of  the  paper. 
Turning  to  page  492  estimates  will  be  found  of  the  gencraling-statioo 
costs  for  the  two  systems.  These  are,  in  the  main,  fairly  prepared. 
Nevertheless  I  should  have  taken  four  600-k.w,  generators  for  the  alter* 
nating  system  for  the  smallest  station,  and  perhaps  six  of  6,000  k,w.  for 
the  next  to  the  largest  station,  and  others  in  proportion,  instead  of  the 
larger  numbers  of  smaller  units  set  forth  in  the  table.  In  that  case  the 
buildingiii  because  of  the  less  floor  space  necessary,  would  be  a  little 
cheaper  and  the  generating  plant  as  well ;  the  switchgcar,  because  of  the 
smaller  number  of  circuits  from  generators  to  switchboard  ;  the  hosiers, 
because  less  steam  would  have  to  be  supplied  to  the  more  economical 
larger  plant ;  all  these  ought  also  to  be  cheaper,  and  the  total  cost 
ought  to  be  a  little  less  than  given  here.  The  author  has  obtained 
the  total  cost  for  his  7,000'k.w,  installation  by  interpolating  it  between 
the  a,40o-,  and  the  14,000-k.w*  plant,  and  has  taken  it  at  £1^  per 
kilowatt  for  the  akernating  current  phint.  I  should  think  it  would 
be  quite  fairi  in  view  of  these  ciiticismsi  to  bring  that  figure  down 
to  £iti.     Then,  in  the  case  of  the  Thury  system,  while  the  large 
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high- voltage    direct*current    generators    which    it    is    proposed    to  Mr  Ho^ 
use,   namely*    i,ock>   k.w.   and   2,500  k.w-,  and   2,500  volts  and  4,000 
volts,   do   not   seem    to   me,   wlien    taken    by   themselves,   to   be   in 
any   sense    bad   engineering   propositions,    nevertheless    it   must    be 
remembered  that  the  largest   generators   used   in  any  of  the  Thiiry 
systems  ^iven  in  the  table  are  those  installed  last  year.     These  are 
of  less  than  600- k.w,  rated  capacity.     That  is  the  very  largest  yet 
installed,  and  the  next   largest  size  is  something  like  400-k.w.  rated 
capacity.    Therefore  it  is,  in  a  sense,  rather  a  bold  proposition  to 
figure  on  having    t.ooo-  and   2,500-k.w.  direct-current  generators  at 
pressures  ranging  from  2,500  to  4,000  volts  per  machine.     Nevertheless 
this  ought  to  be  perfectly  possible  so  far  as  relates  to  any  diHtculties 
that  can  be  foreseen,  and  the  more  so  because  the  author,  as  I  am  very 
glad  indeed  to  see,  suggests  Jow-speed  plant  for  driving  the  direct- 
current    generators.      If    one    must    have    direct-current    generators 
driven   by   steam    turbineSj    the  difficulties  are  less   the   higher  the 
voltage;  and  this  is  true  up  to  rather  high  voltages.     Nevertheless 
direct-current    generators    driven    at    steam-turbine    speeds    are,    in 
my  opinion,  abominations.     In  each  case  the  author  has  taken  twice 
as  many  direct -cur  rent  generators  as  atternating^current  generators. 
If  it  seems  desirable  to  be  governed  by  any  plant  that  has  yet  been 
built  on  this  system,  we  would  have  to  take  very  many  more.     Hence 
the  cost  of  buildings  ought  lo  be  a  little  larger  ;  the  cost  of  the  many 
smaller  sets  will  be  larger  ■  the  switch  gear  will  cost  more  because  of 
the  greater  number  of  cables  to  the  switchboard,  and  the  boiler  plant 
also,  because  each  of  tlie  smaller  generating  sets  will  have  a  higher 
steam  consumption.     Hence  the  total  cost  ought  to  be  taken  a  little 
higher  in  the  case  of  the  Thury  system  than  the  figure  given  in  the 
paper.     I  have  put  it  up  £1  per  kilowatt  in  the  table  on  page  498*     I 
have  not  gone  into  the  sub- station  equipment.     It  appears  to  be  satis- 
factory*   The  other  item  is  the  transmission  line.     The  3-phase  cables 
seem  all  right  as  regards  price,  but  I  take  exception  to  the  price 
of  £580  per  mile   for   the   direct-current  single   cable  of  01   sq.  in* 
cross-section.     1  had  to  make  some  certain  assumptions  with  regard  to 
the  thickness  of   insulation.     There   is   50,000  volts  from  copper  to 
groimd  ;   and    it   did    not   seem   unfair   to   the   direct-current   system 
to  give  the  insulation  a  thickness  of  a5  mm.    Taking  the  atithor's 
cost  of  copper  and  lead  for  comparison  at  £87  los.  and  ;£i6  15s.,  and 
taking  £50  per  ton  for  insulation,  my  cost  for  cables,  for  material  alone, 
comes  out  at  £630 :  and  the  cost  of  the  complete  cable,  including 
latrour  and  establishment  charges,  wottld  be  ;f945,  which,  added  to  the 
£t)oo  per  mile  for  laying,  would  make  a  total  of  £1,845  P^""  inile.    This,  * 
for  84  miles,  would  come  to  £155,000  for  the  transmission  linc."^    Thus 

•  No  data  were  given  in  the  pAper  whkli  could  encihle  tile  to  ktiow  the  thickneai 
considered  desirable  by  the  exponents  oi  thi*  ays  rem  fur  50*000- vuH  imdergrcjiiHd 
cable.  A  s^^mple  of  50,000-vott  graded  cable  subsequetiUy  eitliibited  hiis  an  tn^tiMioD 
ihlek()««ft  of  only  14  fwtn*  from  copper  to  Icatl.  if  the  faator  of  safety  is  sufficient,  and 
If  the  grading  proct^ss  docs  not  entail  much  greater  expeniie  per  tnn  of  insulation,  the 
aulhor'ft  rifiufp  for  llic  cost  of  this  cable  in  suflic'scnt.     But  tn  he  cnnHiRti'ut,  he  sht^uld 
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iMr  Hobart,  jn  my  study  of  the  case,  instead  of  the  values  iti  the  table  on  page  498, 
I  obtain  a  final  result  of  £53  per  kilowatt  instead  of  £^y  7s.  per  kilo%^ 
for  the  direct -currtint  plants  and  £^4  4^»  ^^^  *^he  3*phasc  plant 
instead  of  X55  4s,  While  these  results  only  relate  to  a  single  case,  it  is 
significaul  tlmt  it  bear^i  out  the  conclusions  arrived  at  in  other  caac$ 
in  comparing  the  Thury  system  with  the  3-phase  system,  as  atrcach 
shown  by  other  speakers.  I  am  very  much  in  favour  of  employing 
the  coxsTAN*T  POTENTIAL  high-tcnsion  direct-current  system  for 
traction,  but  that  is  because  there  is  not  any  good  single-phase  motor ; 
hut  the  3<phase  system  for  generating  is  in  every  respect  so  very  satis- 
factory that  I  cannot  see  that  any  good  purpose  is  served  by  substitatmg 
another  system  which  is  not  any  clieaper, 
f r  ItwIh.  ^^-  J-   f-    Irwin  :    I   had    the  privilege  about   two  years  ago  o( 

assisting  Professor  Ayrton  in  some  calculations  regarding  the  trans- 
mission of  power  from  the  Victoria  Falls  to  Johannesburg,  It  was 
I  found,  when  we  came  to  calculate  the  cost,  that  the  cost  of  the 
line  was  such  a  large  proportion  of  the  total  cost  of  the  plant,  that 
the  direct  current  came  out  much  cheaper  than  the  alternating 
current.  In  addttion  it  was  possible  to  allow  a  larger  loss  in  the 
line  on  the  direct'Current  system,  as  with  alternating  current  it  would 
be  practically  impossible  to  get  machines  to  run  efficiently  at  the 
receiving  end  if  a  large  drop  of  voltage  were  allowed  on  the  line, 
especially  w*itU  asynchronons  motors,  w^here  the  torque  is  roughly  as  the 
square  of  the  voltage^  and  one  must  limit  the  total  voltage  varialloD 
in  the  line.  Therefore  it  was  found  mucti  more  efficient  to  have  direct- 
current  transmission  from  the  Falls ;  that  is,  if  any  transmission  was 
to  take  place  from  the  Falls  to  Johannesburg  the  only  possible  cam- 
mere  tal  scheme  was  the  direct-current  scries  scheme.  Professor  Ayrton 
was  aware  at  the  time  that  there  were  a  good  many  disadvantages  is 
the  direct  current.  There  is  the  disadvantage  of  having  constant  losses. 
If  generation  is  by  water  power  these  are  not  at  all  important,  because 
the  losses  in  the  line  do  not  cost  anything,  except  that  at  full  load  the 
extra  cost  of  generating  the  amount  at  the  Falls  has  to  be  taken  inio 
account.  In  addition  to  that,  there  is  the  constant  losi^  that  takes  place 
in  the  motor.  When  one  designs  an  ordinary  machine  to  run  on  2 
constant  voltage  system,  if  the  load  varies,  practically  constant  looses 
occur  in  the  motor,  due  to  hysteresis,  eddy  current  and  excitation. 
but  the  losses  in  the  armature  depend  also  on  the  square  of  the  current 
in  the  armature,  and  therefore  the  losses  are  only  a  maximum  when  the 
load  is  a  maximum.  On  the  other  hand,  when  one  is  dealing  with  a 
constant-current  system,  and  regulates  the  torque  of  the  motor  by 
varying  the  position  of  the  brushes,  the  hystercsisr  eddy  current,  and 
excitation  losses  are  constant,  and,  in  addition  to  these,  there  is  n 
constant  C^R  loss  in  the  armature  as  well,  because  the  current  ii 
constant.    This  is  especially  important  in  dealing  with  transmission  of 

take  correspond  in  j:|ly  iciis  Insumion  tlikkncssc^  fur  tlit  ^^-pha^-c  Irananiisvsiiin  line;  a* 
tln^  costs  ht:  lijis  atiijjgntd  lu  th*:  3'phase  cab!ts  ccnTtrMpniul  Ui  disptiipirtioniiKh  i;r«*t 
itisulatioi}  thicknesses,  even  when  granting  the  2  :  i  diiiruptive  sUdigtii  ratk». 
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the  kind  referred  to  in  the  paper.  One  of  the  great  objections  to  the  Mr,  ir^ip. 
house-to-house  system  of  transmission  is  the  constant  iron  losses 
which  take  place  in  the  transformers*  T  lie  re  is  also  a  great  disadvan- 
tage in  the  constant-current  system,  namely,  that  the  majtimum  torqne 
is  limited  ;  the  motors  cannot  be  overloaded.  The  motor  is  desiigned 
for  so  many  pounds-feet  of  torquej  and  it  will  not  give  any  more 
because  the  limit  is  reached  when  the  full  strength  of  the  field  is 
attained  with  the  brushes  in  the  neutral  or  normal  position.  There- 
fore, in  the  case  of  a  machine  where  it  is  subject  to  big  fluctuations  of 
load,  the  machine  must  be  designed  not  for  the  normal  torque  but  for 
the  maximum  torque,  and  it  would  be  incfficieut  for  any  ordinary 
torques*  With  regard  to  transmission  by  a  constant-current  system 
through  underground  mainSj  the  case  is  entirely  different  from  trans- 
tnission  through  overhead  wires.  It  is  also  entirely  different  from 
the  case  where  transmission  is  partly  through  overhead  wires  and 
partly  through  underground  mains.  That  is  perhaps  Ihe  worst  system 
of  alt ;  because  in  case  of  a  storm  a  break  may  occur  in  the  overhead 
wirCj  causing  enormous  surges  of  current  round  the  circuit,  and  the 
generation  of  very  high  voltages.  The  voltage  of  the  system  may  easily 
ligBceed  the  normal  tiy  two  or  three  times  if  the  circuit  is  suddenly 
broken,  and  therefore  the  cables,  wnth  these  very  large  voltages  super- 
imposed on  them*  are  likely  to  break  down*  The  fact  of  the  under- 
ground mains  acting  as  condensers  would  aggravate  this  trouble* 
Although  Professor  Ayrton  advocated  the  direct-current  system  where 
it  was  purely  overhead^  he  would  not  advocate  it  for  a  system  such 
as  the  author  has  sketched  out  where  it  is  purely  underground,  or 
where  it  may  be  partly  underground  and  partly  overhead. 

Mr,  R.  A*  Dawharm  :  I  share  the  appreciation  of  the  paper  that  has 
generally  been  expressed,  and  I  also  admire  the  boldness  of  M*  Thury, 
who  has  developed  this  series  system  p radically  single-handed.  I  take 
it  that  the  system  is  essentially  a  long-distance  transmission  system* 
As  such  it  is,  of  course,  especially  adapted  for  water-power  schemes. 
Reference  is  made  to  generation  by  steam  power.  Long-distance 
transmission  where  steimi  is  the  source  of  power  is  very  raiely  met 
with ;  long-distance  transmission  is  almost  invariably  from  water 
power*  But  taking  a  case  where  steam  is  the  motive  power,  there 
is  one  feature  of  this  system  which  I  think  is  w^orthy  of  notice. 
Attention  is  called  in  the  paper  to  the  fact  that  it  is  a  constant  torque 
system,  and  as  such  it  admits  of  the  steam  engine  working  at  all  loads 
under  its  very  best  economical  conditions*  That  cannot  fail  to  show  its 
effect  in  reduced  coal  consumption— -probably  to  a  very  appreciable 
extent.  But,  on  the  other  hand,  the  OR  loss  being  constant  gives 
away  a  great  deal  of  this  advantage — the  amount  depending  upon 
the  length  of  circuit.  It  is  quite  conceivable  it  might  give  away  more 
than  the  advantage  which  is  derived  from  the  excellent  conditions 
under  which  the  steam  engines  work.  Another  point  arises  out  of 
the  engines  working  so  economically  at  light  load  on  this  system, 
namely,  that  it  is  not  necessary  and  not  desirable  to  adopt  so  many 
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generating  units  as  we  are  accostomed  to  adopt  in  paralle!  workiii|> 
A  station  in  which  there  were  two  running  sets  and  one  **parc  set 
would  probably  be  very  much  more  economical  ia  working  than 
one  having  five  or  six  generating  sets.  The  maintenance  of  the 
generating  plant  would  also  be  very  considerably  reduced  with  tliis 
system^  because  the  cost  of  upkeep  is  practically  proportional  lo  tht 
number  of  revolutions  and  not  to  the  output,  and  the  number  d 
revolutions  per  annum  on  variable  load  with  this  system  would  be  veiy 
considerably  below  the  number  of  revolutions  made  on  a.  panlld 
system  with  constant  speed  in  the  same  period.  The  smalJer  number 
of  generating  units  would  also  affect  the  attendance  expenses  favour- 
ably, and  the  capital  outlay  as  the  foundations,  buildings,  switch- 
t>oards«  and  all  accessories  would  be  kept  down  to  a  mmtmum.  It 
appears  to  me,  however,  that  for  anything  approaching  a  large  scheme, 
with  a  large  number  of  distributing  points  such  as  are  shown  on  tk 
diagram,  if  those  points  are  in  themselves  small  the  ordinary  pandkl 
system  with  static  transformers  would  work  out  t>esL  If,  however,  tbc 
loads  at  the  distributing  centres  are  large ^  one  would  desire  to  kn^w 
what  the  special  conditions  are  which  prevent  these  large  centres  from 
generating  economically  for  themselves.  It  appears  to  mc  that  this 
system  is  best  adapted  for  serving  from  one  station^  say,  four  or  fixx 
comparatively  small  industrial  centres,  any  one  of  which  is  not  quite 
large  enough  to  permit  of  a  local  station  working  under  economical 
conditions. 

Mr.  J.  S.  Pfxk  :  The  author  has  made  quite  a  strong  case  for  the 
direct-current  transmission  system,  but  in  many  instances  I  think  he 
has  made  virtues  of  itecessities.  The  paper  appeals  to  me  as  show^ing 
strongly  the  possibilities  rather  tlian  the  probabilities  of  that  system* 

On  page  474  the  author  says  that  when  the  neutral  point  of  the  system 
is  grounded,  the  voltage  between  wires  may  be  twice  that  with  the 
ungrounded  neutral  with  the  same  insulation  strain.  With  this 
sLitement  I  do  not  agree,  for  when  both  sides  of  the  circuit  arc 
insulated  there  should  be  only  one*half  the  total  voltage  between 
either  wire  and  ground j  and  this  strain  is  not  reduced  when  the  neutrai 
point  is  grounded.  It  is  true,  however,  that  with  the  neutral  point 
grounded,  the  voltage  between  either  wire  and  ground  h  limited  to  on*!' 
half  the  voltage  between  wires,  whereas  with  the  ungrounded  neutnJ 
it  is  possible  to  obtain  full  voltage  between  one  wire  and  ground  ifl 
case  the  other  wire  is  grounded.  On  the  other  hand,  it  is  possible  I& 
operate  with  the  latter  condition,  while  with  a  grounded  neutral*  i 
ground  on  either  line  wire  will  cut  out  part  of  the  s>'stcm. 

But  assuming  that  the  author  is  correct,  then  the  same  argnmcnt 
would  apply  to  the  A.C.  system,  and  with  the  neutral  grounded 
we  should  be  able  to  operate  with  73  per  cent,  greater  voltage  across 
the  phases  than  with  an  ungrounded  system.  There  arc  several 
ungroimdcd  A.C.  systems  operating  at  60,000  volts.  By  groundinj^ 
the  neutral,  they  should  therefore  be  able  to  operate  at  104.000  volts 
with  the  same  insulation  strain.     This  would  appear  to  be  a  sniTtcicnIly 
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hi^h    voltage  to   cover   any  reasonable  distance    without   excessive  Mr.  Peck. 
line  loss. 

Granting  that  the  direct  current  gives  less  strain  on  the  insulation, 

tHat  there  are  no  capacity  and  inductance  troubles,  and  therefore  that 

it  is  easier  to  transmit,  is  there  any  necessity  for  adopting  it  ?    That  is, 

Have  we  reached  the  limiting  distance  for  A.C.  transmission  ?    I  refer 

now  to  long-distance  transmission,  where  current  will    be    carried 

on   overhead  wires,  for  all  very  long  transmissions  will  probably  be 

o|>erated  in  this  manner.    Limiting  voltages  have  not  been  reached 

so  far  as  the  insulator  is  concerned  ;  certaihly  not  on  the  transformers, 

and  if  we  have  reached  limits  on  account  of  capacity  and  inductance  at 

normal  frequencies,  there  is  no  reason  why  we  should  not  go  to  lower 

frequencies.    As  the  frequency  is  reduced,  the  capacity  and  inductance 

effects  are  decreased  proportionately,  and  I  see  no  reason  why  lo  or  15 

rvj  should  not  be  adopted  for  very  long  transmissions  where  extremely 

high  voltages  are  required. 

It  appears  to  me  that  the  troubles  due  to  capacity  and  inductance 
in  transmission  circuits  are  more  theoretical  than  real,  at  least  up  to 
voltages  of  60,000  and  frequencies  as  high  as  50  or  60  rvj,  for  systems 
of  this  voltage  and  frequency  are  operating  with  complete  success. 

There  are  several  very  serious  drawbacks  to  the  direct-current 
scries  system : — 

1.  Large  number  of  small  units. 

2.  The  difficulty  of  insulating  generators  and  motors  from  ground 

and  from  prime  mover,  this  difficulty  increasing  with  increased 
size  of  unit. 

3.  The  difficulty  of  providing  a  suitable  friction  coupling  between 

generator  and  prime  mover. 

4.  Difficulty    of   insulating   armatures   and    fields  for    very  high 

voltages. 

5.  Danger  to  attendants  from  shock  in  the  event  of  armature  or 

field  insulation  breaking  down. 

6.  Necessity  for  expert  attendants  for  operating  machines. 

7.  Necessity  for  providing  complete  sub-station  with  expert  attend- 

ants wherever  power  is  to  be  used. 

8.  The  commutator. 

The  last  item  is  perhaps  the  most  important  of  all,  for  ever  since  direct- 
current  machines  have  been  built,  there  has  been  more  or  less  trouble 
with  commutators,  and  although  the  commutation  of  D.C.  machines 
has  been  greatly  improved  of  recent  years,  and  we  now  hear  much  said 
about  forced  commutation,  it  is  still  a  fact  that  the  commutator  is  in 
general  the  weak  point  in  D.C.  machines,  and  while  currents  of  a  few 
amperes  may  be  commutated  successfully  at  high  voltages,  the  diffi- 
culties will  increase  rapidly  as  the  amount  of  current  is  increased,  and 
I  think  that  almost  any  practical  engineer  would  have  to  be  assured 
that  alternating-current  transmission  was  almost  impossible  before  he 
would  agree  to  instal  high-voltage  commutating  machines  of  compara- 
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r  Andi«wt. 


tivcly  delicate  construction  instead  of  stationary  armature  alternalv* 

current  generators  of  the  present  rugged  type  of  construction. 

Mr.  Leoxahd  Andrews  ;  The  chief  point  on  which  there  appem 

to  be  a  difference  of  opinion  is,  a*v  to  whether  it  is  possible  to  combine 
the  principles  of  the  3-wirc  sy  litems  with  the  direct -current  high- 
tension  system*  The  whole  question  tnrns  upon  the  point  Mr.  Spaita 
drew  attention  to  at  the  last  meetin^^,  that  is,  whether  the  o^nuolic 
attraction  of  moistnrc  by  the  negative  conductor  is  likely  to  prove* 
serious  difficuky.  During  the  past  few  years  I  tiave  had  the  oppor- 
tunity of  discussing  cable  troubles  with  a  large  number  of  station 
engineerSj  and  I  have  been  forced  to  the  conclusion  that  even  with 
ordinary  low4ension  direct-current  systems  this  osmotic  trouble  is 
quite  a  serious  one,  I  have  heard  of  a  numt>er  of  cases  where  break- 
downs have  been  attributed  to  it.  Only  a  few  months  ago  my  atten- 
tion was  drawn  to  an  interesting  case  where  tlic  effects  of  osmotic 
attraction  were  apparent.  A  number  of  condnils  had  been  laid  side 
by  side  j  some  of  these  conduits  had  single,  positive,  and  ne^tiw 
rubber-covered  cables  drawn  into  them,  and  others  were  empty*  Th* 
conduits  containing  the  negative  cables  contained  a  large  quantity  ai 
mud  and  water,  which  had  evidently  been  drawn  into  the  ducts  f ram 
the  draw-in  boxes.  It  is^  I  think,  conclusive  proof  that  the  moisture 
and  dirt  had  been  drawn  in  by  osmotic  attraction,  as  the  ducts  con- 
taining the  positive  cables  and  the  empty  ducts  w^ere  as  dry  and  ckan 
as  the  day  they  were  laid.  It  was  also  noticeable  that  similar  ducts 
containing  lead-covered,  single  negative  cables  were  perfectly  ckan 
and  dry.  None  of  the  various  electrical  text-hooks  that  have  been 
written  appear  to  give  any  very  clear  explanation  of  the  theon*  d 
'  osmotic  attraction  by  the  negative  conductor,  unless  it  is  explained 
by  the  experiments  described  in  L4ord  Armstrong's  book  im 
"  Electric  Movement  in  Air  and  Water.**  If  this  can  be  considercil 
an  explanation,  it  would  appear  that  the  effect  is  screened  by  1 
metallic  shield  round  the  conductor*  and  this  would  account  for  tht 
effect  being  noticeable  with  rubber -covered  cables  and  apparently 
entirely  obviated  by  the  use  of  lead-covered  cables.  Thii>  appears  to  he 
a  subject  that  we  ought  to  know  more  abouti  and  I  would  like  to  suggest 
that  it  would  be  an  interesting  topic  for  a  paper  before  this  Institution. 
Mr.  Bailey  has  told  us  that  he  has  had  direct-current  cables  working  at 
a  pressure  of  3jO0O  volts,  and  that  he  has  not  experienced  any  trouble 
from  this  cause*  I  should  like  to  ask  Mr.  Bailey  if  the  cableij  he  rcfcn 
to  were  lead  covered,  and  whether  they  were  single  cables,  or  ccwh 
centric,  or  multiple  cables, 

A  reference  has  been  made  to  the  author's  suggestion  that  it  is 
a  mistake  in  connection  with  parallel  systems  to  use  heavy  flywhccb 
on  the  generators.  It  appears  Id  me  tliat  one  reason  why  Byw^hecLs 
in  tins  position  are  necessary  is  to  prevent  the  hea%'y  surging  of  the 
current  between  the  generators  that  invariably  occurs,  both  on  alter- 
nating'  and  direct -current  systemSj  when  a  short  circuit  occurs  on  tht 
feeders  or  distributing  systems  ;  and  if  the  fly-wheels  are  abolished 
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khe  generators,  one  would  certainly  esmect  that  this  siirt'mg  would  he    ^^- 

I  ,  J'       .  <-        *  Aadrewi, 

wrery  iiincn  more  disastrous* 

I  On  page  498  the  author  refers  to  the  high  proportion  of  the  cost  of 
ithe  ducts  and  trench  work,  compared  with  the  cost  of  the  cables  in  the 
kcries  system,  I  sea  in  the  tables  he  estimates  the  cost  of  ducts  and 
■trench  work  at  ^^900  per  mile^  that  is  to  say,  something  over  los*  per 
najd*  This  appears  to  me  to  be  abnormally  high  for  trench  work, 
hc.p  in  districts  where  the  series  system  is  Ukely  to  he  used^  vl?,.,  in 
Icomparatively  open  country  districts.  Mr*  Watison,  Borough  Elec- 
tlrical  Engineer,  of  Bury,  in  a  paper  he  read  before  the  Manchester 
ISection  of  the  Institution,  gives  the  cost  of  a  good  three-way  duct 
I laid  in  concrete  as  being  £513  per  rnile.  This  price  includes 
las,  per  yard  for  excavating  and  reinstatement,  and  approximately 
[is-  4d,  per  duct-yard  to  cover  cost  of  handling,  carting,  laying, 
rand  concrete,  making  a  total  cost  of  35,  4d,  per  yard  for  single- way 
I  duct.  Whilst  this  estimate  is,  I  should  think,  on  the  low  side,  I 
[should  have  expected,  from  my  own  experience  in  laying  conduits  in 
I  country  districtSi  that  the  cost  would  not  have  exceeded  4s,  per  duct- 
l  jrard.  It  would,  of  course,  be  very  much  more  in  or  near  very  large 
Itowns*  This  point  appears  to  me  important,  because  it  will  be  seen 
I  from  Table  VI I L  that  the  cost  of  conduits  and  trenching  in  some  crises 
I  amounts  to  more  than  twice  that  of  cables,  and  the  whole  question  of 
I  the  advantages  or  otherwise  of  the  high-tension  direct-current  system 
I  compared  with  alternating-current  systems  appears  to  turn  on  the 
I  relative  capital  cost. 

I       The  author  has  referred  on  page  484  to  the  simplicity  of  the  Thury 
system,  which  is  certainly  very  marked,  particularly  as  regards  switch- 
ing generators  and  motors  in  and  out  of  circuit.     He  adds  that  '*  the 
system  does  not  lend  itself  to  a  large  number  of  automatic  contri- 
vances, such  as  are  generally  used  in  parallel  systems,"  but  it  appears 
to  me  that  there  are  quite  a  large  number  of  automatic  devices  used  in 
connection  with  it.    Take,  for  instance,  those  Mr,  Highfield  refers  to* 
I  We  first  have  the  device  for  short -circuiting  the  generator  should  the 
I  direction  of  rotation  become  reversed.     Then  we  have  the  automatic 
slipping  couplings,  and  the  automatic  regulators  for  regulating  the 
speed  of  the  generator,  or  the  position  of  the  brushes,  and  it  must  be 
remembered  that  this  last  device  has  to  be  applied  to  the  motor  as 
well  as  to  the  generators  ;  and  finally,  it  is,  I  believe,  usual  to  use  a 
I  device  which  is  not  referred  to  in  the  paper  for  short-circuiting  the 
I  line  in   the   event   of  an   open   circuit,   the  object  of  this   being  to 
I  prevent  the  abnormal  rise  of   pressure  that  would  otherwise  occur. 
I  I  should  have  thought  that  these  appliances  provided  sufficient  scope 
I  for  the  most  enthusiastic  tsclicver  in  automatic  devices,  and  they  arc 
I  certainly  far  more  likely  to  give  trouble  than  the  simple  automatic 
I  devices  used  in  connection  with  parallel  systems,  which,  if  properly 
I  constructed,  can  be  guaranteed  always  to  operate  in  the  way  intended, 

Mr.  A.  RussjiLL  :  At  this  late  hour  I  shall  merely  refer  to  one  point  Mr, 
in  the  paper,      Jhe  auttiof  mcfjtions  that  in  some  cases  insulating  '*™*="* 
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materials  break  down  more  readily  with  alternating  than  with  direct 
pressures  of  the  same  maximum  value.  Several  experimenters  liavf 
obtained  similar  results  for  cables.  A  prei^sure  of  10,000  volts  aller* 
nating  is  sometimes  more  eflfcctivc  in  breaking  down  cables  tliaii 
30tOOO  volts  direct.  The  reason  1  consider  to  t^  that  in  the  cables 
used  in  practice  the  dielectric  is  not  isotropic.  It  is  formed  of  various 
layers  of  insulating  wrappings^  and  the  potential  differences  across 
these  iayers  are  not  necessarily  in  phase  with  one  another ;  and  hence 
the  algebraical  sum  of  atl  the  potential  differences  is  sometimes  grcsitfi 
than  the  poteniial  di^erence  t>etween  the  two  outside  ones.  U  a  HOQ- 
inductive  resistance^  for  instance,  be  put  in  series  with  a  condenser^ 
the  sum  of  the  two  potential  differences  may  be  about  40^  per  ctDt 
greater  than  the  potential  difference  applied  across  the  terminals.  By 
taking  the  resi>tivity  and  the  dielectric  coefficients  of  the  various 
insulating  wrappings  into  account,  I  find  that  in  some  cases  tho 
potential  differences  across  the  various  layers  of  the  dielectric  if© 
not  in  phase  with  one  another,  and  therefore  the  ratio  of  the  dii* 
ruptive  pressures  for  direct  and  alternating  voltages,  instead  of  being 
the  ratio  of  the  maximum  to  the  effective  value  of  the  applied  F\D., 
can  sometimes  be  appreciably  higher. 

{Communicaki.i) :  It  is  now  generally  admitted  that  the  tnsnJating 
medium  at  a  point  breaks  down  the  moment  the  electric  stress  at 
that  point  attains  a  definite  value  depending  on  the  physical  con- 
dition of  the  medium.  Whether  a  disruptive  discharge  ensues  or 
not  depends  on  whether  the  breaking  down  of  the  medium  at  the 
point  raises  the  pressures  at  other  points  to  their  breaking-do^n 
values*  By  considering  the  experimental  results  obtained  by  Kelvin* 
Carey  Foster,  Heydweiller,  Steinmetz,  Tliury,  etc.  (see  PhiL  Mag.  [6], 
vol,  ti|  p.  259,  1906),  I  have  shown  that  the  breaking>down  voltage  for 
air  is  determined  merely  by  the  maximum  value  of  the  electric  stress 
(3'li  k,v.  per  millimetre  under  normal  conditions)*  It  is  the  same—at 
least  for  frequencies  not  greater  than  125— for  alternating  as  for  direct 
pressures. 

M»  Thury's  experimental  curves  B  and  D,  shown  by  Mr*  High  field 
in  Fig.  3,  are  in  apparent  contradiction  with  this  result.  From  these 
curves  it  appears  that  when  the  pointed  electrode  is  negati%*e  wu 
require  a  greater  voltage  between  the  electrodes  than  when  it  is 
pom  live.  It  would  not  be  safe,  however,  to  draw  this  conclu^^ion. 
The  maximum  electric  stress  between  two  electrodes  docs  not  depcurt 
merely  on  the  difference  of  potential  between  them.  It  depends  in  a 
very  special  manner  on  the  absolute  values  of  the  potentials.  If  in  one 
case  the  plate  were +V,^  and  the  pointed  electrode —V,,  it  would  b« 
exceedingly  difficult  to  arrange  so  that  the  plate  was  —V,  and  the  point 
+  \%  in  the  other  cajve*  Yet  it  is  only  under  these  conditions  that  wc 
would  be  justified  in  inferring  that  the  breakdown  occurs  more  readily 
when  the  pointed  electrode  is  positive.  With  pointed  electrodes  also 
the  air  in  the  imraedtate  neighbourhood  of  the  points  is  broken  dowa 
(ionised)  before  the  disruptive  discharge  takes  place,  and  hence  the 
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Rime  element  introduces  uncertainty  Into  tlic  experimctit,  and  the  Mr. 
calculation  of  the  stress  Is  exceedingly  diflicnlt,  if  not  iinpoisiblc.  In  **t'»«^* 
lactual  cables  and  in  sheets  of  various  insulating  materials  the  dielectric 
lis  simitar  to  Maxwell's  composite  dielectric.  Several  engineers  have 
taccid  en  tally  found  by  painful  experience  that  the  phenomena  of  leak- 
lage  and  residua]  discharge  are  strongly  marked  in  high-tension  cables. 
■Tlie^c  cables  often  give  dangerous  shocks  after  they  have  been  dis- 
Icharged  and  left  isolated  for  many  hours.  When  considering  the 
I  disruptive  voltages  of  cables,  thereforej  it  is  only  permissible  to  neglect 
[the  resistivity  of  the  insulating  wrappings  in  certain  special  cases.  It 
lis  not  diflficult  to  see  that  a  cable  which  is  suitable  for  high  direct 
Lroltage  work  may  be  unsuitable  for  high  alternating  voltages  and  tnce 
■liprs^.  The  electric  stresses  to  which  the  wrappings  are  subjected  in 
nhe  two  cases  may  be  quite  different.  The  experience  of  severrtl  cable 
I  manufacturers  is  that  the  high  voltage  cabks  which  they  make  at  the 
I  present  time  will  withstand  direct  voltages  at  least  twice  as  great  as 
I  the  effective  value  of  the  disruptive  alternating  voltages. 
I  Mr,  Highheld  gives  an  impartial  summing  up  of  the  relative 
I  advantages  of  direct-  and  alternating- current  systems  of  power  trans- 
I  mission,  It  is  exceedingly  difficult,  however,  to  deduce  general  con* 
I  elusions  without  knowing  the  nature  of  the  load.  If  the  load  were 
I  almost  constant,  tben^  up  to  certain  distances^  an  alternating-current 
series  system  would  have  advantages.  The  management  of  a  row  of 
series  static  transformers  would  be  preferable  to  standing  charged 
to  a  high  potential  on  an  insulated  platform  and  gradually  growing 
callous  to  the  static  discharges  from  the  machines* 

I  think  Mr,  Highfi eld's  method  of  earthing  cables  by  boring  to  a 
good  conducting  stratum  w^ell  worth  consideration.  In  certain  cases 
it  might  lead  to  great  economies.  The  "bonding"'  of  geological  strata 
may  t>e  an  important  engineering  operation  in  the  futore. 

The  Chairman  (Mr.  W.  M,  Mordey}:  I  am  sure  you  would  like  to  xhc 
hear  the  opinion  of  Mr,  Guido  Semenza  whom  we  had  the  pleasure  cisairtnao. 
of  seeing  among  us  last  year  in  company  with  other  members  of  the 
Italian  Electro-Technical  Association,  He  has,  as  you  know,  had  a 
large  experience  of  electrical  engineering  in  very  important  positions 
in  Italy.  I  was  corresponding  with  him  on  this  subject  last  autumn, 
and  he  wrote  to  me  from  Milan  on  October  13th,  a  letter^  the  important 
part  of  which  I  will  now  read  : — "^ 

Mn  GUEDO  Semes'ZA  (ejctract  of  kttcr  commnnkaicd  by  ihc  Chatr* 
man)  i  '*  Direct  current  has  many  advantages  for  long-distance  trans- 
missioni  the  principal  being  as  follows : — 

(ij)  Simplicity  of  lines,  as  there  is  no  necessity  or  reason  to  use 
more  than  four  wires  for  a  transmission  (only  two  wires  do  not  secure 
sufficient  continuity  of  working), 

(b)  Possibility  of  insulation  with  very  high  tension,  as  wires  can  be 

•  Stfice  then  Mr  Scmcfiza  has  informed  mc  that  he  thinks  the  direct-current 
system  should  be  coaipared  with  aitcrnating-ciirrtrut  ay  stem  only  ion  very  heavy 
iraaaaiiisiQii^^  ^y  over  loo  mUcs. 
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placed  as  much  apart  froni  one  another  as  one  thinks  best,  wUUc  with 
3 -phase  current  wires  cannot  be  placed  very  far  from  one  another  on 
account  ol  sell-induction,  thus  : — 

(c)  Possibility  of  reaching  much  higher  tensions  than  with  j-phase 
currents* 

(d)  Absolute  independence  of  the  qoestion  of  parallel  running. 
When  the  transmission  distance  is  very  considerable  the  paralld 

working  of  the  alternajors  on  the  two  ends  is  not  sure, 

l£)  Absolute  independence  of  voltage  regulation. 

(/)  Possibility  of  using  cables  for  higher  tensions  in  direct *cnrrenl 
than  in  alternating- current  transofiissions,  as  it  appears  from  receat 
researches. 

On  the  other  hand*  we  have  the  following  drawbacks  : — 

{g)  Necessity  of  using  small  generating  units, 

(h)  Direct-current  high-tension  generator  with  all  its  incon- 
veniences. 

(k)  Necessity  of  rotary  transformers  for  every  application. 

Finally  we  have  some  unknown  points  to  consider,  namely  : — 

(i)  Behaviour  of  such  lines  under  atmospheric  disturbances. 

(m)  Behaviour  of  such  lines  under  instantaneous  variation  of 
current. 

In  conclusion,  I  believe  il  is  worth  while  studying  the  question  very 
carefully,  especially  the  transmission  by  direct  current  being  so  much 
cheaper." 

Mn  A.  W.  Heaviside  {communkakd) :  Though  1  may  be  repeating 
common  knowledge  I  am  tempted  to  observe  that  on  page  4^5 
it  is  stated  that  in  M.  Thury's  experience  "no  disturbances  were 
apparent  in  either  the  telephone  or  the  telegraph  services/'  As  every 
one  is  aware,  such  a  thing  as  a  steady  current  from  a  mechanically 
driven  plant  does  not  exist,  there  is  always  a  ripple  caused  by  the 
brushtjft  collecting  from  the  moving  commutator  segments  j  howe%*cr, 
as  the  undulations  are  very  slight  as  compared  with  those  from  altemj* 
ting  plant  in  general,  the  inductive  disturbances  to  double  telephone 
and  single  telegraph  circuits  from  direct-current  plant  are  not  serious. 
But  when  sensitive  telegraphic  recorders  are  used,  as,  for  instant. 
Lord  Kelvin's  syphon  recorder,  or  the  Danish  modiiication  of  that 
beautiful  apparatus,  called  the  undulator^  they  respond  to  most  of  the 
vagrant  electrical  impulses  in  the  environment  of  their  circuits. 
Kspecially  so  if  the  ijupulscs  arise  from  tramway  circuits  with  a 
potential  drop  of  7  per  cent.,  or  a  railway  service  with  a  drop  of,  say, 
20  per  cent.  How  sensitive  the  undulator  is  will  be  apparent  if  I  quote 
from  an  actual  test.  An  undulator  will  record  graphically  the  presence 
of  a  current  through  its  coils  on  a  paper  tape  of  the  value  of  oxxk)0428 
of  an  ampere,  or  stated  on  a  telegraphic  bai.ts,  that  is  the  niilliampere^ 
0-0428,  or  the  twenty*third  part  of  a  miUiampcre,  at  a  speed  of  atxjut 
50  undulations  per  second.  And  Lord  Kelvin's  syphon  recorder  ii 
very  much  more  sensitive. 
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On  the  inlroductlon  of  electric  tramw^s  m  Hevc3stlc  and  Gaio- 
head  some  y^Lrs  ago  I  joined  up  spare  telegraph  wires  la  ttaa  pipes 
under  the  pa^venient  parallel  with  each  rail  of  the  trsmwxv  serriGe,  tke 
ends  being  brought  into  my  ofi&ce,  where  they  were  joined  np  at  «^ 
either  to  Ihe  syphon  recorder  or  the  undniator.  In  additiaQr 
were  taken  lor  measuring  the  voJIage  and  current  ettber  from 
leakages  or  parallel  Induction,  In  one  case  leakage  cttrreots 
very  short  telegraph  circuit  varied  from  o  to  400  miUlmizfpercs^ 
voltage  from  o  to  6*5  volts.  As  there  are  many  electrica]  activities  7 
the  neighbourhood  of  Newcastle,  to  etisure  that  what  we  were  tD^isariog 
was  leakage  or  Induction  from  the  tramways,  it  was  necessary  to  tale 
special  tests  as  well  as  general  observations  :  hence  trial  runs  of  clediic 
cars  were  arranged  for  on  Sundays,  or  after  midnight  in  the  sm^ 
hourSi  when  mot»t|  if  not  all^  other  services  were  shut  down. 

Summa rising  Uu  Rtiulh* — The  acceleration  or  retardatioii  of  tbc 
speed  of  the  cars  was  recorded  on  the  paper  tape  as  a  kick  or  a  scries 
of  kicks  governed  by  the  number  and  abruptness  of  the  steps  in  tb« 
controller  resistance,  the  marks  on  the  paper  being  cither  above  or 
betow  the  s^cro  line.  Starting,  al>ove  ;  and  stopping,  below,  I  submit 
herewith  a  scale  drawing  of  a  concrete  case  derived  from  an  undnbtor 
record  in  which  the  start  and  the  stop  is  clearly  recorded.  I  also 
submit  the  actual  tape  record  of  disturbances  responded  to  by  a  syphoo 
recorder. 

Of  course,  ail  tins  led  to  some  apprehension  as  to  what  would 
happen  when  the  N.E.  Railway  was  electriiied  on  the  north  bank  of 
the  River  Tync  with  a  suggested  potential  drop  of,  say,  20  per  cent. 

Fn  further  investigation  of  the  tramway  case  I  resorted  to  an  ei- 
ploring  device  which  I  first  used  in  i88o.  I  took  a  coil  of  insuhled 
wire  wound  on  a  triangular  frame  about  5  ft-  high  with  a  telephone  in 
circuit  and  placed  it  in  the  space  between  the  up  and  down  raiJs  on  llie 
Gosforth  section  of  the  Newcastle  Tramways.  On  listening  one  couM 
hear  (i)  the  90  revolutions  of  the  power-house  engines:  {^)  the  steadf 
note  of  the  ripple  over  the  commutator  bars  ;  (5)  the  whistle  of  the  car 
motors  rising  shrilly  as  the  car  speeded  up ;  (4)  the  starting  and 
stopping  of  the  cars  ;  and  (5)  the  sparking  as  the  trolly  wheel  passed 
each  post.  To  the  expert  telephone  user  these  sounds  can  be  easily 
differentiated.  When  the  N,E.  Tyncmouth  branches  were  electrically 
driven,  I  proceeded  to  Benton  and  placed  this  triangle  detector  above 
the  railway  on  the  road  bridge  parallel  with  the  rails,  say  20  ft,  above 
the  railway.  On  hstening  the  usual  sounds  were  faititiy  heard,  the 
whistling  of  the  motors  predominating. 

Of  course,  the  question  arose  as  to  how  much  was  conduction  and 
how  much  was  induction.  In  order  to  set  doubts  at  rest  more  thafl 
anything  else,  I  placed  an  insulated  circuity  roughly  in  the  form  of  a 
square,  spread  over  the  adjoining  fields  with  otic  side  lying  in  the 
gutter  of  the  railway,  approximately  a  mile  in  length  (4  miles  in  all). 
Into  this  circuit  was  joined  in  turn  the  telephone,  the  syphon  recorder, 
and  the  undulator,  and  the  disturbances  were  recorded  with  more  or 
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less  dlstinctne^i  as  might  be  expected,  The  N«E.  system  is  ojie  whert 
no  special  return  rail  is  uscd^  hence  the  electromagnetic  extemaJ  fieid 
is  a  wide  one*  Milking  some  kindred  c^xperimcnts  alongside  the 
District  Railway  at  Ealing*  where  a  special  return  rail  is  used,  tin 
range  of  the  external  field  is  so  reduced  as  to  be  nearly  neglj^ble  Si 
an  interfering  agent. 

In  the  Newcastle  case  the  practical  result  of  the  interference  ^^ 
such  that  it  has  been  necessary  to  double  the  wiring  of  an  imporlajxt 
telegraph  circuit  that  was  carried  on  poles  for  a  few  miles  parallel  with 
the  railway  on  an  adjoining  road. 

Of  the  merits  and  simplicity  of  a  direct-current  high -potential 
sequence  system  advocated  by  Mr.  Highfield^  from  my  point  of  view 
there  can  be  no  question.  It  has  its  parallel  in  an  urc^Iighting  serrice. 
Even  the  automatic  devices  may  be  arranged  to  assist  in  chokiag 
violenceSi  and  the  insulators  form  a  distributed  leak  of  value  in  such  a 
case.  And  as  regards  the  high  potentials,  the  danger  is  not  greater 
than  with  any  potential  that  w^ill  kill.  It  is  as  it  is  with  an  express 
train  or  a  slow  train^  with  either  one  or  the  other  if  any  one  gets  in  the 
way  he  will  be  killed  ;  so  it  is  with  high  electrical  potentials  or  extra 
high  oneS;  with  this  difference  that  in  the  express  train  case  those  withlB 
the  train  are  in  greater  danger  than  those  in  a  slow  train. 

But  returning  to  the  interference  problem.  It  is  quite  evident  tliat 
telegraph  and  telephone  circuits  are,  and  will  be,  interfered  w*ith,  suid 
I  am  sure  that  at  the  present  time  that  telegraph  engineers  and  linemcm 
in  some  cases  suffer  from  the  sins  of  others  when  blamed  for  imperfect 
maintenance  of  their  lines.  For  consider  the  ipuntlet  a  telegraphic 
signal  has  to  face  in  passing  from  London  to  Aberdeen,  etc. — ^a  terrible 
ordeal  t 

In  my  first  paragraph  1  refer  to  double  telephone  circuits  not  being 
free  from  disturbance  by  external  helds.  This  is  so,  if  the  voltage  an4 
the  frequency  of  the  primary  are  only  increased  sufficiently  and  slight 
errors  in  the  symmetry  of  the  telephone  circuit,  either  in  the  Hughes' 
twisted  line  wires  or  in  the  balance  of  the  circuit  are  made  apparent  by 
noises  in  the  telephone  which  interfere  with  speech. 

Mr.  M.  J.  E.  TiLXEY  {communicaUd) ;  There  is  one  point  in  con- 
nection with  Mr.  Highfield's  paper  that  does  not  appear  to  have  been 
touched  on  by  any  of  the  speakers,  and  that  is  the  fact  that  under 
certain  circumstances  the  curves  of  "  sparking  distance,"  as  givea 
in  Figs,  2  and  3,  may  lead  to  erroneous  conclusions  if  any  onts  should 
mistake  them  for  '*  arcing  distances/'  By  this  I  mean  tliat  although 
the  sparking  distance  for  a  given  voltage  is  nmch  greater  in  the  case  of 
A.C.  than  it  is  for  D.C.,  the  distance  across  which  a  given  D,C.  voltage 
will  hold  an  arc  is  much  greater  than  the  distance  across  which  Jlic 
corresponding  A*C.  voitage  will  maintain  an  arc.  Some  receal  experi* 
ments  show  that  an  arrester  that  will  quite  easily  discharge  a  surge  od 
5,000  volts  A.C.  will  hold  an  arc^  when  it  is  once  started,  on  500  ^-olts 
D*C.  It  will,  I  Ihinki  therefore  be  of  great  interest  if  Mr,  HighficM 
can  give  us  particulars  of  the  type  of  arrester  M*  Thury  has  adopied* 
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This  question*  it  seems  to  mc*  will  also  have  a  vcrjr  considerable  effect   Mr.  Tiincy. 
on  the  design  of  overhead  mains  cquipmenL 

In  the  photograph,  Fig.  4,  in  the  paper,  the  wires  for  this  27,000'Volt 
transmission  look  rather  unduly  clol^e  to  one  another,  to  say  nothing 
of  the  pole,  and  assuming  an  arc  were  once  started  I  should  expect 
some  difficulty  in  its  extinction, 

1  think  perhaps  rather  too  much  stress  has  been  laid  on  the  effect 
of  surges  by  some  of  the  speakers,  due  to  the  fact  that  they  have  been 
drawing  conclusions  from  existing  high* tension  D.C.  systems  with 
shunt- wound  generators*  The  surges  in  these  cases  appear  to  he 
entirely  caused  by  rushes  of  current,  and  in  the  system,  as  Mr.  Higbtield 
descrit^es  it^  there  would  seem  to  be  very  little  chance  of  such  rushes 
taking  place.  There  would  therefore  be  very  httle  to  cause  a  surge 
except  in  the  case  of  a  break  in  the  circuity  which  is^  I  understand, 
pro%ided  for  by  an  automatic  short-circuiting  device. 

I  should  like  to  mention  that  I  do  not  think  Professor  Kapp  need 
fear  that  British  manufacturers  are  behindhand  in  the  construction  of 
high-tension  D.C.  machinery.  As  an  ilhislration  of  wtiat  was  possible 
over  two  years  ago,  before  the  use  of  com  mutating  poles  came  into 
practice  J  I  may  say  that  at  an  oflicial  test  of  a  2oo-k,\v.  set  for  use  at 
2,650  volts  D.C.  which  I  witnessed  at  the  maker's  works^  the  switch, 
owing  to  a  mistake  on  the  part  of  an  assistant,  was  closed  on  a  dead 
short-circuit,  with  the  machine  up  to  speed  and  fully  excited  indepen- 
dently. Though  the  switch  did  not  look  very  healthy  afterwards,  we 
did  not  touch  either  commutator  or  brushes  but  took  tlie  six  hours'  test, 
and  at  the  end  of  the  test  switched  off  full  load  without  any  sign  of 
sparking  on  the  machine,  although  owing  to  bad  governing  the  machine 
volts  rose  to  something  over  3,800* 

Mr,  Pekcy  R.  Allkn'  {communicated)  :  The  Thury  system  will  be  at  Mr.  Aiien. 
pnce  recognised  as  an  amphfication  of  the  old  Brush-series  system  with 
mo  tor -generators  substituted  for  arc  lamps,  and  as  a  matter  of  fact 
more  than  twenty  years  ago  belt-driven  machines  of  the  Brush  and 
Wood  type  were  sometimes  operated  in  scries  by  being  placed  on 
insulated  wooden  platforms^  the  regulation  in  the  Wood  machines 
being  obtained  by  shifting  the  brushes,  and  in  the  Brush  machines 
by  having  a  variable  shunt  across  their  terminals.  Of  course  these 
early  experiments  in  no  way  detract  from  the  credit  due  to  M.  Thury 
for  the  ingenuity  he  has  shown  in  developing  what  is  practically  a  new 
system  of  long-distance  transmission.  The  author  in  his  paper  makes 
a  specific  comparison  between  the  Thury  system  and  an  alternating 
one,  over  an  area  where  the  sub-stations  are  fairly  close  together  and 
where  the  power  is  apparently  generated  at  one  central  station  on  the 
edge  of  the  area,  and  the  calculations  he  bases  thereon  are  of  consider- 
able value,  as  the  conditions  given  are  those  that  would  most  likely 
be  met  with  in  practice.  However^  there  are  other  cases  where 
this  system  would  seem  to  have  distinct  advantages.  The  case  with 
which  several  generator  stations  can  be  placed  in  series  on  one  ring 
with  the  sob-stations  to  absorb  the  power  placed  anywhere  on  the 
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Mr,  Allen  same  circuit  renders  it  an  exceedingly  cofivenient  method  of  collect- 
ing power  from  a  number  of  sources,  transmitting  it  a  long  distance*, 
and  then  distributing  it  through  a  groap  of  sub-stations. 

The  suggestion  that  power  from  blast  furnaces  and  coke  ovwis  in 
the  Midlands  should  be  utilised  and  transmitted  to  London  has  been 
frequently  proposed,  but  so  far  no  accurate  estimates  appear  to  havt 
been  got  out  in  connection  with  the  matter  The  modern  gsk^  enginl^ 
in  units  up  to  3,000  H,F*  and  worked  off  blast-furnace  gas  is  a 
perfectly  reliable  generator,  and  in  many  of  the  iron  and  5*teel  works 
on  the  Continent  the  furnaces  are  blown  entirely  by  gas  engines 
without  any  reserve  in  the  way  of  steam  power*  The  new  steel  works 
of  the  Den  tsG  her 'Kaiser  Company  will  depend  entirely  on  blast-fnmaoc 
gas,  48,000  H.P.  being  provided  by  24  gas  engines  of  2,000  H,P,  each, 
12  for  blowing  and  12  for  the  genera ti on  of  electricity,  and  a  very 
brief  visit  to  the  Continent  will  convince  anybody  that  there 
need  be  absolutely  no  hesitation  in  using  gas  engines  to  s^upply 
power  in  bulk. 

With  regard  to  the  possibilities  of  supplying  London,  it  wiill  be 
found  that  by  following  very  closely  the  Midland  Railway  only  as  far 
as  Glendon  we  get  into  a  group  of  j2o  furnaces  in  Northamptonshire, 
of  which  12  were  in  blast  at  the  end  of  last  year,  and  after  supplying 
sufficient  gas  to  heat  the  stoves  and  blow  the  furnaces  and  the 
general  work,  which  the  French  term  '*  the  service  of  the  f  tirnacc/'  this 
group  would  have  30,000  H.P,  continuously  to  dispose  of.  By  going 
about  35  miles  further  the  Nottingham  and  Leicester  furnaces  are 
touched,  There  are  7  of  these,  5  of  which  were  in  blast  at  the  end  of 
the  year,  giving  under  similar  conditions  about  la.ooo  H.P,  Going 
further  North  one  gets  into  the  Derbyshire  district,  and  between 
Derby  and  Sheffield  there  are  44  furnaces,  38  being  in  blast,  corre- 
sponding to  96>ooo  H.P.  If  a  detour  was  made  from  Sheffield  of  a  few 
miles  into  Lincolnshire  a  further  3S>ooo  H,P.  could  be  obtained  from 
the  Frodingham  group,  14  of  which  were  in  blast.  In  the  South  and 
West  Yorkshire  group,  between  Leeds  and  Rotherham,  still  in  close 
proximity  to  the  Midland  Railway,  there  are  25  furnaces  in  this  district, 
of  which  16  are  in  blast  giving  40,000  H.P.,  making  113,000  H,P.  in  all 
which  could  be  picked  up* 

Following  the  North-Westem  Railway  into  the  Midlands  there  arc 
in  South  Staffordshire  and  Worcestershire  33  furnaces,  of  which  19  are 
in  blast,  which  would  supply  48,000  H.P,  In  Shropshire  3  are  io  blast 
which  would  supply  7,000  H.P.,  and  in  North  Staffordshire  t6  were  in 
blast  out  of  32,  capable  of  supplying  40,000  li,P„  so  these  three  groups 
would  supply  95,000  H.P,,  but  the  transmission  line  would  t»e  of  a 
more  sinuous  nature.  It  must  be  understood  that  these  figures  may 
not  be  quite  correct  for  the  individual  groups,  but  they  have  been 
pretty  well  verified  as  to  the  total  power  available.  It  would  be 
exceedingly  interesting  to  see  whether  the  Thury  system  of  trans- 
mission would  enable  this  power  to  be  collected  and  delivered  at  a 
payable  price  in  London.    3,000  k,w.  can  be  put  down  even  in  small 


1907, 


DIRECT   CURRENT!    DISCUSSION. 


539 


units,  inclusive  of  continuous-current  generators  and  gas  engines,  for  Mr.  Alien. 
the  sum  of  £to  per  kilowatt.  To  this  must  be  added  the  cost  of  the  gas- 
cleaning  plant*  compressed  air  arrangement  for  starting,  cooling  water 
arrangements^  engine  house  and  overhead  traveller  and  switchf^ear. 
The  extreme  simplicity  of  the  Thury  switchinj^  arrangements  renders 
the  expenditure  under  this  head  a  small  item.  It  should  be  borne  in 
mind  that  the  gas  producer  already  exists  in  the  form  of  the  blast 
furnace,  and  the  generating  plant  is  strictly  limited  to  the  engines  and 
the  dynamos.  Boilers,  economisers,  coal- hand  Ung  plant,  and  con- 
densers are  absolutely  done  away  with.  In  the  two  routes  already 
referred  to  a  considerable  amount  of  power  is  becoming  available  by 
the  more  general  introduction  of  recovery  coke  ovens,  but  there  are  no 
stiti sties  at  present  as  to  how  much  of  this  can  be  relied  upon. 

The  possibilities  of  a  transmission  scheme  of  this  sort  obviously 
depend  very  largely  upon  tlie  cost  of  the  cable,  and  having  m  view  the 
fact  that  continuous  current  of  a  constant  value  tias  a  negligible  dis- 
turbing effect  on  surrounding  wires,  it  seems  possible  that  satisfactory 
arrangements  might  be  made  with  the  raiJway  companies  to  run  naked 
overhead  conductors  on  either  side  of  their  track,  at  all  events  along 
the  straight  runs  in  the  country  districts.  These  would  also  form  a 
convenient  means  of  supplying  sub-stations  for  the  clectrilied  portions 
of  the  railway.  The  possibility  of  being  able  to  use  the  earth  to 
cut  out  a  faulty  piece  of  line  is  a  feature  of  the  Thury  system 
which  removes  the  objection  ttiat  is  sometimes  heard  against 
the  supply  of  power  in  bulk  from  a  distance^  as  it  prevents  any 
lengthened  interruption  to  the  supply  owing  to  a  temporary  break- 
down, and,  moreover,  the  system  has  the  advantages  that  as  the 
machines  arc  simply  worked  in  scries  with  one  another  any  accident 
to  an  individual  generator  is  very  unlikely  seriously  to  affect  the  other 
units.  The  faulty  machine  is  simply  cut  out  and  the  remainder  speeded 
up  or  a  spare  machine  put  in.  Of  course,  the  idea  of  feeding  a  power- 
supply  system  from  a  number  of  sources  is  not  a  new  one,  but  it  is 
hardly  realised  in  this  country  how  far  small  power  houses  over  a' 
scattered  district  can  be  linked  up.  The  RheuishAVesphalia  Com- 
pany^ which  has  been  exceedingly  successful  commercially,  operates 
over  a  series  of  circuits  more  than  (loo  miles  long,  and  besides 
the  two  main  power  stations  at  Essen  and  Hoerde  purchases  power 
from  a  number  of  blast  furnaces  and  coke  ovens  in  the  district,  and 
feeds  this  into  the  general  system,  the  price  paid  being  somewhere 
about  one-third  of  a  penny  per  kilowatt*hour. 

In  analysing  the  comparative  costs  of  the  Thury  system  with  a 
3-phasc,  it  might  have  been  mentioned  that  before  the  transmission  line 
from  St,  Maurice  to  Lausanne  was  decided  on  an  independent  com- 
mittee of  five  experts  was  appointed  to  go  into  the  matter,  Tlie  scheme 
involved  transmitting  5,000  H.P*  thirty- five  miles,  there  being  two  sub- 
stations on  the  way.  The  committee,  after  very  carefully  going  into 
all  points,  came  to  the  conclusion  that  the  cost  of  au  installation  on  the 
3-phasc  system  would  be.  £324,200,  and  the  cost  of  the  continuous- 
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current  arrangement  on  the  Tbury  system  ^£294^600,  showing  a  saving 

of  ^'29,600  on  the  complete  installalJon. 

The  projected  transmiiision  line  between  the  Falls  of  the  Hhon^ 
and  Paris  is  intended  to  be  worked  on  the  Thury  system,  and  it  will  be 
exceedingly  interesting  to  compare  the  cost  of  erection  and  operation  of 
this  line  with  the  one  that  will  t>c  built  on  the  j-phase  sj'stem  between 
the  Victoria  Falls  and  the  Rand.  The  system  is  already  in  use  ia 
Switzerland*  Italy,  Spain,  France,  and  Russia,  and  U  is  to  be  hoped  th^t 
a  trial  will  soon  be  given  to  it  in  thi*^  country. 

For  the  purposes  of  distribution  over  a  compact  dense  area  it  do» 
not  appear  to  offer  any  advantages  over  a  5- phase  net  work »  but  where 
a  number  of  isolated  power  houses  can  be  linked  up  to  give  a  common 
supply  it  certainly  does  appear  to  offer  many  advantages,  and  the  fadlities 
which  it  gives  for  the  use  of  large  gas  engines  coupled  direct  to  con* 
tinuo US-current  machines  will  certainly  cause  it  to  be  studied  with 
interest  by  engineers  who  have  projects  in  band  for  gas-drivca 
generating  stations. 

Mr,  J.  S.  HiOH FIELD  (in  reply) :  I  would  like  to  deal  with  the  point 
that  was  firi^t  raised,  I  think,  by  Mr,  Sparks,  namely,  the  difficulty  m 
connection  with  the  phenomenon  of  osmosis*  I  first  heard  of  the 
matter  when  I  was  at  King's  College  as  an  assistant  to  Dr.  John 
Hopkinson,  and  I  think  he  iirst  noticed  it  in  the  underground  main 
system  at  Manchester,  consisting  of  E>are  copper  conductors  and  stone- 
ware ducts.  He  carried  out  a  large  scries  of  experiments  on  the 
whole  question,  on  which  I  must  not  occupy  your  time  by  saying  very 
much ;  but,  shortly,  we  found  that  w^hen  there  was  a  conducting  path 
from  pole  to  pole,  then  any  moisture  was  transferred  from  the  positive 
to  the  negative  pole  under  certain  forces,  varying  with  the  pressure 
and  the  nature  of  the  connecting  link  and  so  ou  ;  but  m  long  as  there 
was  no  conducting  path  between  the  two  conductors,  then  osmotic 
pressure  was  not  exercised  and  tliere  was  no  difficulty,  I  n  my  own 
experience  with  underground  net  works  the  trouble  with  moisture 
occurs  in  the  connecting  boxes.  It  is  quite  certain  that  an  under- 
ground low- tension  net  work,  working  with  alternating  current,  docs 
not  give  quite  so  much  trouble  in  the  joint  boxes  as  in  the  case  of 
direct  current ;  but  at  the  same  time  there  is  next  to  no  difticutty  witli 
direct  current^  and  therefore  the  matter  is  hardly  worth  speaking 
further  about. 

Then  with  regard  to  M*  Thury*s  tests,  it  was  impossible  in  the 
space  of  my  paper  to  do  justice  to  the  data  at  my  disposal.  All  I  liad 
space  for  was  just  the  few  simple  tests  I  have  set  forth.  When  I  stated 
that  the  effect  of  alternating  current  was  2J  times  the  effect  of  direct 
current,  f  meant  that  was  the  general  conclusion  M»  Thury  told  rac  he 
had  come  to.  If  I  am  able  1  will  add  something  further  on  that 
subject* 

With  regard  to  the  possibility  of  carrying  the  direct  current  on  the 
cable  systems,  it  is  actually  so  carried  to-day  6  miles,  the  last  part  of 
the  journey  from  Moutier  to  Lyon  j  that  is  to  say^  there  are  about 
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miles  overhead  and  the  rest  is  underground,  and  a  sample  of  the  Mr, 
cable  is  exhibited  on  the  table.  Before  thi<i  underground  system  was  '  *  ' 
adopted,  very  many  tests  were  made  to  ascertain  if  there  were  any 
unexpected  difficulties  to  he  met,  and  up  to  this  time  no  difficultitss 
have  been  encountered.  I  should  remind  you  that  for  years,  that 
is  to  say  ever  since  the  system  was  started,  the  cable  used  in  connect- 
ing the  machine  together  in  the  power-houses  has  been  under  the  full 
direct  current  pressure.  All  the  work  has  been  done  with  underground 
cables.  I  would  call  your  attention  to  this  sample,  one  of  the  Moutier 
insulators,  which  is  designed  for  working  at  60,000  volts.  I  should 
also  say,  in  connection  with  the  St.  Maurice-Lausanne  transmission 
linCj  that  there  have  been  a  good  many  difficulties  through  trees  and 
snow  falhng  on  the  wire,  and  also,  of  course,  through  lightning. 
It  is  a  most  important  transmission,  because  both  the  tramways 
and  the  lighting  of  the  w^hole  town  of  Lausanne  depend  on  that 
line,  simply  two  conductors,  I  do  not  say  it  has  been  decided,  but  I 
believe  that  so  soon  as  they  have  sufftcient  money  tlie  w^hole  of  the 
line  will  be  put  underground. 

One  of  the  most  important  points  I  wanted  to  bring  forward  in  the 
paper  was  the  fact  that  this  direct-current  system  gives  us  the  means 
of  going  long  distances  underground,  which  we  cannot  possibly  do 
with  3- phase  currents.  That  was  the  first  point  I  wished  to  bring 
before  you. 

It  will  be  seen  from  the  tables  that  the  whole  cost  of  the  system 
depends  on  the  generating  station,  the  sub*stalion,  and  the  line.  In  the 
case  of  the  direct  current,  it  may  be  taken  that  the  cost  of  the  generat- 
ing station,  in  considering  turbo-generator s^,  that  is  to  say  steam  turbine 
driven  sets,  is  greater  than  the  cost  of  the  alternate  current  station, 
and  therefore  the  determining  factor  is  the  cost  of  the  line.  Con- 
sequently when  the  line,  as  is  the  case  with  underground  trans- 
mission, bears  a  very  high  proportion  to  the  cost  of  the  whole 
installation,  it  follows  that  the  limit  is  very  much  higher  than  it  is 
in*  the  case  of  overhead  work,  where  the  cost  of  the  line  is  a 
much  smaller  proportion  of  the  whole,  As  a  matter  of  fact,  1  got 
out  figures  for  overhead  work,  with  the  idea  of  preparing  corre- 
sponding tables  for  overhead  work  similar  to  those  which  1  have 
prepared  for  underground  work.  But  it  is  very  difficult  to  make  a 
general  comparison  between  two  lines  overhead,  that  is  to  say,  the 
direct' current  and  the  alternating^currcnt  line  overhead.  Another 
thing  was  that  the  cost  of  the  whole  line  was  a  smallish  proportion  of 
the  cost  of  the  whole  installation — (I  am  speaking  of  distances  inside 
50  miles)— and  therefore  tliere  was  not  very  much  money  argument  in 
the  proposition. 

Then  I  want  to  say  a  word  or  two  about  the  constant  loss^  to  which 
many  references  have  been  made*  First  of  all  I  want  to  suggest  a 
method  of  arriving  at  the  value  of  the  loss.  1  think  the  simplest 
way  to  adopt  is  to  take  the  cost  of  the  cable  system  or  transmission 
system,  and  add  to  the  cost  of  that  system   the  cost  of  the   plant 
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required  to  force  tbe  energy  into  it.  In  a  parallel  system  it  is  tlie  cmt 
of  the  plant  required  at  full  load.  Add  to  the  annual  interest  on  the«c 
aniotints  the  annual  cost  of  the  lost  cncrg}%  and  then  deal  with  the 
transmission  as  though  it  worked  at  too  per  cent,  efficiency,  Wth 
regard  to  the  cost  of  the  line  loss,  reference  was  made  to  the  use  of  the 
house  transformer  system.  In  the  last  four  years  I  have  had  to  clear 
out  a  large  part  of  a  house  transformer  system,  and  to  substitute  for  it 
the  ordinary  low-tension  ^ub-station  method  of  working,  ff  you  calcu- 
late the  efticicncy  of  the  house  transformer  system,  you  find  you  have 
to  make  something  like  ty^  units  for  every  too  units  that  you  sell :  and 
if  you  work  out  that  the  75  units  cost  you  2d,  each,  and  you  capitalise 
that,  it  is  then  clear  that  a  large  sum  of  money  may  be  spent  on 
changing  the  system.  The  cost  of  the  energy  on  100  per  cent. 
load  factor  is,  however,  exceedingly  small,  far  Xghs  tlian  is  generally 
supposed ;  it  is  usually  wholly  represented  by  a  small  addition  to  the 
coal  bill.  I  wish  also  to  remind  you  again  that  the  series  system  can 
run  at  an  overload,  or,  at  any  rate^  if  you  please  to  look  at  it  that  way, 
the  efficiency  of  the  line  may  be  improved  when  all  the  siib-stationi 
are  under  the  control  of  one  operating  body  by  reducing  the  current 
when  the  load  is  light ;  or,  if  you  like  to  look  at  it  the  other  way,  by 
increasing  it  wlien  the  load  is  heavy.  If  you  simply  have  two  series 
machines,  a  motor  and  a  generator,  there  is  nothing  to  prevent  botlj 
the  machines  h»eing  run  at  the  ordinary  25  per  cent*  overload  jusl 
as  thougli  they  were  parallel  working  machines. 

Mr,  Bailey  referred  to  the  work  M.  Thury  has  done.  I  have 
inserted  one  or  two  paragraphs  in  my  paper  on  that  subject^  but  I 
put  them  as  shortly  as  possible.  I  quite  agree,  however,  with  what 
Mr,  Bailey  said  about  the  marvellous  ability  that  has  been  displayed 
by  one  man  in  working  out  the  whole  of  the  details  of  a  system  of  this 
kind,  and  carrying  it  out  quite  by  himself,  with  no  assistance  except 
the  ordi[iary  people  in  the  works. 

Several  speakers  criticised  the  tables  of  the  cost  of  the  pla^t, 
I  had  enormous  difficulty  in  getting  any  figures  at  all,  especially 
in  getting  them  checked.  I  looked  up  books,  quotations,  and 
tenders;  and,  so  far  as  I  could  see,  there  is  no  law  at  all  as  to  what  a 
British  tnannfacturer  charges  for  plant.  The  prices  here  could  be 
reduced  by  50  per  cent,  if  I  had  taken  certain  figures :  and  the  only 
result  I  could  come  to  was  that  they  do  not  know  themselves  what 
the  cost  of  the  plant  is  that  they  arc  selling— and  if  you  look  at  some 
of  the  balance  sheets  I  am  bound  to  say  they  prove  my  contenUoQ. 
All  I  could  do  was,  in  order  not  to  mislead  myself  (because  these 
figures  were  prepared  while  I  was  considering  a  scheme  to  be 
actually  carried  out),  to  take  what  T  fairly  thought  was  about  the 
price  that  I  might  expect  to  pay  for  plant  two  or  three  years  hence, 
when  the  manufacturers  have  come  to  their  senses*  Although  I,  a*  a 
buyer,  greatly  rejoice  at  Imying  cheap  plant  in  this  way,  as  one 
taking  a  kindly  interest  in  British  manufacture  I  very  much  hope  to 
sec  the  prices  go  up. 
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Mr.  Peck  referred  to  the  drfiicijltjes  of  insulating  the  bedplates 
and  the  couplin|j[s^  to  which  Professor  Kapp  also  referred >  There 
4s  no  question  that  the  insiilaling  of  the  coupling  wantb.  a  good 
^deal  of  designing  when  we  come  to  large  units.  What  M.  Thury  has 
done  is  this :  vvhon  he  has  met  a  difficulty  he  ha*  faced  it,  and  gone 
one  better  than  he  had  gone  before.  He  has  just  kept  up  with  the 
requirements  of  the  particular  system  he  has  put  down  ;  he  has  gone 
just  ;is  far  as  is  required  with  these  schemes  ;  but  I  have  not  the  least 
doubt  that,  if  you  look  him  by  steps  up  to  5,ooo-k,w.  machines,  he  will 
make  an  insulating  coupling  that  will  work  succcssfullv  ;  and  I  am  equally 
certain  that  many  other  men  can  do  the  same  thing.  With  regard  to 
insulating  the  holding-down  bolts,  there  are  a  good  many  other 
methods  which  may  be  used  instead  of  the  httle  pot  insulators  shown 
in  the  drawing,  Ttie  insulators  seem  to  work  quite  \vell,  but,  at 
the  same  time,  it  is  an  easy  matter  to  design  something  a  good  deal 
better.  The  man  must  be  protected,  and  it  does  not  seem  to  be 
an  insuperable  difficulty  to  insulate  him  properly. 

With  regard  to  the  commutator  difficulty,  I  do  not  think  a  large 
low- tension  D,C.  traction  generator  gives  very  much  djfhcult>\  I  have 
seen  most  of  M,  Thury 's  machines  of  various  ages  running  ;  some 
have  run  ten  or  eleven  years  without  any  difficulty,  and  I  think 
the  high-tension  direct- current  machine  will  work  just  as  well  as 
the  low-tension  direct-current  machine. 

I  thank  you  very  much  for  the  kind  attention  you  have  given  to  this 
paper ;  and,  if  you  will  allow  me,  I  would  like  to  say  one  word  more^ 
namely,  that  I  am  sure  we  all  feel  extremely  honoured  that  Lord  Kelvin 
has  favoured  our  meeting  with  bis  presence.  We  all  heard  with  great 
delight  what  he  had  to  say  on  the  direct-current  system,  and  I  think 
that  by  his  presence  alone  here  he  teaches  us  a  very  much  greater 
lesson  than  anything  he  can  say  technically,  a  lesson  in  magnificent 
constancy  of  purpose  which  w^e  can  all  do  our  best  to  learn. 

Communkaicd  :  Several  speakers  referred  to  the  fact  that  large  rises 
of  pressure  took  place  on  direct-current  circuits.  Clearly  it  must  be 
the  case  that  any  sudden  alteration  to  the  current  in  a  closed  circuit 
must  lead  to  corresponding  variations  in  pressure,  and  under  similar 
conditions  the  rise  in  pressure  will  be  as  severe  as  in  any  other  circuit 
carrying  current. 

The  great  distinction  between  the  scries  system  and  the  ordinary 
parallel  systems  is  that  in  the  ordinary  everyday  operations  of  switch- 
ing nothing  is  done  in  connection  with  the  former  system  that  is  Ukely 
lo  cause  these  sudden  variations,  whereas  in  parallel  alternating  work 
every  time  a  machine  is  started  up  or  shut  down  some  degree  of 
pressure  rise  will  be  caused,  and  a  small  fault  on  the  part  of  the 
attendant  may  lead  to  serious  trouble. 

Several  speakers  also  referred  to  the  different  effects  of  alternate 
and  direct  current  on  insulation,  particularly  in  connection  with 
underground  cables,  M.  Thury  carried  out  a  large  number  of  tests 
by  taking  different  makes  of  cables  and  dividing  them  into  two, 
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testing  one  half  on  alternating  current  and  one  half  on  direct  cmrcnl. 
An  immediate  difficulty  was,  however,  experienced^  awing  to  the 
fact  that  with  direct-current  pressures  up  to  something  less  than 
100,000  volts  it  was  found  impossible  to  break  down  aJmost  every  class 
of  paper  cable  where  the  thickness  of  the  dl*electric  exceeded  2  mm. 
As  1  have  explained,  the  tests  were  made  with  a  special  machine 
having  a  smooth  core  rotor,  as  it  was  found  that  when  tests  were  made 
by  taking  energy  from  the  ordinary  town  supply  with  several  machines 
in  parallel,  the  ratio  between  alternate  and  direct  current  w^as  very 
much  greater  than  2  to  i — in  fact,  the  ratio  in  some  cases  rose  as  itigh 
as  10  to  1  ;  consequently  it  was  found  necessary  to  use  a  special 
machine.  There  also  appears  to  be  a  tendency  for  the  ratio  bctweeo 
alternate  and  direct  current  to  increase  with  increases  in  the  pressitrcL 

Mr,  Fascia's  data  with  regard  to  the  Zurich  installation  arc  of 
particular  interest.  Taking  his  figures  as  they  stand  they  show  an 
advantage  in  3-phase  working.  In  the  Zurich  case,  however,  the 
line  loss  appears  to  be  taken  at  altogether  too  high  a  figure,  and  by 
taking  advantage  of  the  possibility  of  reducing  the  current  at  times  of 
light  load  probably  the  figures  would  be  considerably  altered.  It  is 
impossible  within  the  limits  of  such  a  discussion  to  handle  a  special 
case  of  so  great  importance  as  the  Zurich  system,  and,  therefore,  I  do 
not  propose  to  say  any  more  on  this  matter,  except  to  point  to  the  facl 
that  the  3'phase  system  in  this  case  requires  three  limes  the  total  length 
of  conductor  and  20,000  more  insulators  than  the  direct -current  system ,' 
and,  further,  a  short  circuit  on  the  alternate  system  affects  the  whole 
of  the  plant,  which  is  not  the  case  with  ihe  series  system*  Also,  the 
difficulties  due  to  lightning  arc  much  less  with  direct  current  than  with 
alternate  current*  Therefore  it  would  seem  that  the  reliability  of 
ser%ice  of  the  dircct-currrent  system  in  such  a  case  is  greater  than  the 
reliabihty  of  the  alternate-current  system- 

The  question  of  grounding  the  direct-current  system  is  one  of  some 
difficulty,  and  my  own  impression  is  that  when  possible  it  is  very  much 
better  to  work  with  a  completely  insulated  system,  as  in  this  wav  out; 
ground  will  cause  no  trouble. 

Mr,  Semen^ta's  communication  seems  to  me  to  summarise  the  case 
for  and  agains^l  the  series  system  in  a  most  admirable  way.  One  of  the 
objections,  as  he  stales,  is  the  use  of  small  units,  but  1  hope  in  the 
future  it  will  not  be  impossible  to  overcome  this  diflEicuky.  I  am 
bound  to  say  I  was  disappointed  with  Mr.  Hobart,  as,  from  the  article 
in  the  Ekctrician  to  which  I  made  reference  in  my  paper,  1  hoped  tliat 
he  would  show  us  a  way  out  of  the  diflftcully  of  building  high-speed 
direct-current  machines.  I  do  not  de 55 pair  myself,  as  very  good  pro- 
gress has  been  made  in  the  design  of  direct-current  machines  up  to 
the  present  time,  and  perhaps  partly  by  reducing  the  speed  of  turbines 
and  partly  by  the  clever  design  of  direct-current  machinery  it  wjll, 
in  the  future,  tie  possible  to  make  satisfactorily  running  series 
machines* 

Mr.  Tihiey,  in  refcniug  to  the  difficulty  of  the  holding  power  of  the 
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direct  ctirrcat  arc,  critldse^  the  Lausanne  pole  line.  There  is  no  doubt 
that  greater  security  would  be  achieved  if  the  two  wires  were  cairied 
on  separate  poles,  but,  as  I  have  explained  above^  probably  in  the 
future  this  line  will  be  put  entirely  underground,  as  really  it  is 
impossible  to  obtain  the  same  security  with  an  overhead  line  as  with 
an  underground  line.  Mr.  Tilney's  I'emarks  as  to  surges  of  current 
exactly  agree  with  what  I  have  said  above. 

I  am  glad  that  Mn  Allen  coniirms  my  opinion  that  the  series 
system  is  of  particular  service  where  the  power  is  supplied  by  gas 
engines,  for  the  reasons  he  states.  In  this  connection  Mr,  Patchell  has 
somewhat  misunderstood  me.  I  do  not,  of  course,  suggest  that  the 
gas  engine  gives  constant  torque  through  one  revolution,  but  only  that 
it  was  a  machine  giving  under  certain  conditions  constant  average 
torque,  which,  of  course,  h  not  the  same  thing,  I  am  sure,  however, 
that  the  speed  reduction  that  wotiZd  be  possible  would  not  exceed 
30  to  40  per  cent,  of  fuil  speed,  and  this  reduction  would  only  be 
possible  at  compai^atively  long  intervals  ;  therefore,  the  regulation  in 
connection  with  gas  plant  would  in  all  probability  be  done  by  moving 
the  brushes. 

The  writing  of  this  paper  was  to  me  a  great  pleasure,  and  I  am 
gratified  that  so  many  engineers  have  taken  an  interest  in  this  subject, 
which  to  me  appears  to  be  one  of  very  great  importance. 

On  the  motion  of  the  Chairman  a  vote  of  thanks  was  unanimously 
passed  to  Mr,  Highfield  for  his  paper  and  carried  with  acclamation. 
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Proceedings  of  the  Four  Hundred  and  Fifty-fourth 
Ordinary  General  Meeting  of  the  Institution  of 
Electrical  Engineers,  held  in  the  Rooms  of  the 
Institution  of  Civil  Engineers,  Great  George 
Street,  Westminster,  on  Thursday  evening. 
March  14,  1907 — Mr.  W.  M.  Mordev  (Vice- 
President)  in  the  chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on  March  7, 
1907,  were  taken  as  read  and  confirmed. 

Messrs.  W.  H.  Molcsworth  and  F.  C.  Polden  were  appointed 
scrutineers  of  the  ballot  for  the  election  of  new  members,  and,  at  the 
end  of  the  meeting,  the  following  were  declared  to  have  been  duly 
elected  : — 


ELECTIONS. 

As  Associate  Members, 


Horace  Marler  Anning« 
Km  est  Alexander  Fella, 
Henry  Francis  JoeL 


Ernest  Alexander  Laidlaw. 

James  Frederick  Loader. 
Albert  PickersgilL 
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Donations  to  the  Library  were  announced  as  having  been  received 
since  the  last  meeting  from  Dr.  A.  Muirhead,  W.  H.  Patchell,  and 
Professor  S.  P.  Thompson,  to  whom  the  thanks  of  the  meeting  were 
duly  accorded. 

The  discussion  on  Mr.  Highfield's  paper  was  concluded  (see  p.  512), 
and  the  meeting  adjourned  at  9.45  p.m. 
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MAGNETIC    LEAKAGE   AND    ITS   EFFECT    IN 
ELECTRICAL   DESIGN. 

By  William  Cramp^  Associate  Member. 

{Paptf  r£4id  Januafy  8,  19074 

In  every  electromagnetic  machine  there  arc  coUs,  generally  called 
field  coib,  whose  function  it  is  to  set  up  a  magnetic  flux  \  and  other  coik 
so  placed  that  they  may  link  with  as  much  of  this  flux  as  possible. 
Very  rarely  is  it  possible  to  arrange  the  machine  so  that  alt  the  fttjjt 
from  the  field  coils  links  with  all  the  coils  placed  to  receive  it. 
Generally  the  ratio  of  the  flu3t  set  up  hy  the  first  coils  to  that  received 
by  the  second  coils  is  called  the  coefficient  of  leakage. 

Hopkinson  used  his  leakage  coeflftcient  to  denote  the  ratio  of  the 
number  of  C.G.S.  lines  set  up  in  the  tldd  magnets  (of  direct-current 
machines)  to  the  number  of  C.G.S»  lines  which^  linked  with  the  anna- 
turc*turnsj  produced  the  machine  E.M»F,^  i.e.- — 

Leakage  coefficient No.  of  lines  in  field  magnets 

(Hopkinson)  No.  Of  lines  m  armaturt^ 

Professor  Thompson  has  used  the  term  "coefficient  of  dispersion/' 
to  replace  what  I  have  called  above  "  leakage  coefficient/'  but  in 
general  I  shall  adhere  to  the  term  *^  leakage  factor  *'  as  being  shorter 
and  more  expressive.  In  any  ease,  to  me,  the  terms  **  leakage  factor/* 
*'  leakage  coefficient/'  and  *'  dispersion  coefficient/*  mean  one  and  thc^ 
same  thing. 

Now  the  total  flux  generated  by  the  field  magnets  =  useful 
flux  +  stray  flux  ; 

Hence  dispersion  coefficient  or  leakage  factor 

useful  flux  +  stray  flux 

usekil  flux 

=  r  -h  stray  flux 
useful  flux* 

With  given  magnetising  ampere-turns  the  stray  flux  is  proportional 
to  the  permeance  of  the  leaka^^e  paths,  and  the  useful  flux  is  prop^ir^ 
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tiofial  approximately  to  the  permeance  of  the  armature  teeth  and  air- 
gap.    Thus  the  dispersion  coefficient — 


—  I  + 


permeance  of  taakage  paths 
permeance  of  armature  teeth  and  gap* 


I  + 


reluctance  of  armature  teeth  and  gap 
reluctance  of  leakage  paths 


I  have  put  the  above  down  at  some  length  because  I  wish  to  make 
this  leakage  coefficient  perfectly  definite  ;  and  to  take  care  that  this 
term  means  the  same  thing  whether  alternating-  or  contitvuous-current 
machines  are  referred  to.  In  at terna ting-current  motors  particularly 
it  is  of  the  greatest  importance. 


Fjg.  t. 


In  the  Heyland  circle  for  an  induction  motor  such  as  Fig,  i,  the 
coefficient  of  dispersion  Is  sometimes  taken  as— 


sometimes  as — 


i  +  OA 


i  +  OA 


i 


while,  unfortunately,  some  writers  even  go  so  far  as  to  ^1 

OA  _  OA 
AB  ^'  OB 

the  coefficient  of  dbpersion. 

Now  neglecting  stator  resistance,  OB  represents  the  short-circuit 
current  of  the  motor  at  a  certain  voltage,  while  OA  represents  the  viator 
current  at  the  same  voltage  when  the  motor  is  stationary'  with  rotor 
open-circuited  :  and  since  under  these  conditions  the  flux  hnked  with 
the  stator *turns  is  constant,  it  follows  that  OB  represents  the  ampere- 
turns  to  drive  a  certain  fiux  across  the  leakage  paths,  whilst  OA  repre- 
imts  the  ampere- turns  rut|uired  to  drive  the  same  flux  through  the 
useful  paths,  leakage  at  no  load  being  neglected.    Thus  OB  represent 
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the  reluctance  of  the  leakage  paths,  while  OA  rei>resents  the  rductance 
of  the  useful  paths. 

Our  dispersion  coefficient  or  leakage  factor,  therefore,  is  really — 

This  reasoning,  of  course,  applies  to  all  electromagnetic  machines. 

Among  writers  upon  induction  motors  the  letter  a  has  been  adopted 
to  represent  another  leakage  ratio.    Behn-Eschenburg  i 

OA 


whilst  Hobart  and  others  take — 


OB' 


OA 
AB' 


I  shall  adhere  to  the  latter  and  write- 


and 


thus  leakage  factor — 


OA 
"AB 

OA 
"OB' 


=■+§-£-+" 


OA 
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have  specially  arranged  leakage  paths  to  increase  self-induction  for 
constant -cur  rent  purposes,  etc» 

Thus  it  win  be  necessary  to  distinguish  between  **  harmful  leakage  " 
and  '*  useful  leakage,"  and  to  consider  continuous-  and  alternating* 
current  machines  separately.  It  will  be  granted  that  the  subject  of 
harmful  leakage  has  received  much  more  attention  than  that  of  useful 
leakage.  This  was  bound  to  be  the  case  since  the  designer  is  forced  to 
take  into  consideration  those  factors  which  tend  to  prevent  a  given 
machine  from  fulfilling  its  special  purpose.  It  is  to  the  useful  leakage 
that  I  wish  to  draw  in  certain  cases  special  attention  in  this  paper,  I 
shall  commence,  however,  with  harmful  leakage  in  the  field  systems  of 
continuous-current  machines ;  and  at  the  outset  it  is  clear  from  the 
definition  given  that  the  coefficient  of  leakage  will  increase  with  the 
length  of  the  air-gap^  and  with  the  reduction  of  the  dimensions 
A  and  B  in  Fig.  2,     So  while  it  is  true  that  magnetic  le^ikage  does 


Fig.  2. 


not  represent  a  definite  loss  of  power,  it  is  also  true  that  any  machine 
whose  leakage  can  be  got  rid  of  will  have  a  distinct  increase  in  output 
for  a  given  speed  ;  or  a  decrease  in  weight  for  a  given  output,  efficiencyj 
and  speed*  It  is  therefore  of  importance  that  the  leakage  should  be 
reduced  as  far  as  possible,  as  may  be  seen  from  the  followmg  reasoning. 

A  machine  having  a  large  magnetic  leakage  %vill  have  either  larger 
field  polesj  or  a  higher  magnetic  density  in  those  poles  than  a  machine 
having  no  leakage^  so  that  the  amount  of  field  copper  in  the  case  of  the 
machine  with  leakage  is  greater  for  a  given  field  loss* 

Or  conversely,  with  constant  flux  in  the  field  magnet,  a  machine 
with  large  leakage  will  require  more  armature  copper  than  the  same 
machine  with  no  leakage.  Thus  for  a  given  efficiency  magnetic  leakage 
increases  the  cost  of  the  machine. 

Now  from  whichever  point  of  view  we  approach  the  subject,  Lc^ 
whether  we  reduce  the  armature  copper  or  the  field  copper  by  reducing 
the  leakage,  we  shall  arrive  at  practically  the  same  change  m  cost,  as  is 
easily  seen  from  a  few  trial  cases.    As  a  matter  of  fact*  however,  it  is 
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almost  impowble  by  alteration  of  the  armature  alone  to  change  the 
leakage  to  any  extent.  Hence  wo  return  to  the  questioQ  of  altenitaoii 
of  tield  shape. 

We  note,  in  the  first  pJace^  from  what  has  just  been  said  concerning 

the  dimensions  A  and  B  tn  Fig*  i,  that  a  sniall  magnetic  leaJoi^ 
ccH:^cient  can  be  ob tainted  by  abnormal  incrt:as<a  of  armature  diamfittt' 

coupled  with  decrease  of  ratio       .      .   '    and  lengthened  field  pole ; 

which  conditions  also  involve  large  diameter  of  ^held  frame.    But 


Fig.  3. 


reduction  of  the  coefficient  by  this  means  only  results  in  a  more  ex- 
pensive machine,  supposing  that  the  onginal  linear  dimensions  were 
iicttled  by  sparking  and  temperature  considerations.  Further,  It  is 
only  i»  certain  cases  that  any  improvement  at  all  can  be  expected, 
For^  consider  the  following  values  of  the  leakage  coelAcient. 

In  multipolar  machines,  with  normal  ratio  of  pole  arc :  pole  pitch  i^that 
is,  an  average  of  072)  the  value  for  the  coeflicieut  varies  between  1 
and  1-15  from  1  to  200  Lw*     Beyond  200  k*w.  the  coefEcient  stcadil] 
decreases  till  we  reach   I'l   at  1,000  k*w.    It  is  evident,  then, 
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beyond  200  k.w.  the  decrease  of  cost  to  be  obtained  by  reduction 
of  the  dispersion  is  very  small. 

Let  us  take  a  small  sijte  of  machine,  say,  5  k.w*,  and  sec  what 
improvement  can  be  effected  by  reducing  the  leakage.  Fig.  3  I  shows 
the  field-magnet  circuit  of  a  machine  having  4  poles,  which  I  designed 
some  time  ago  to  give  s  k.w,  at  1,000  r.p/m.  The  dispersion  coL^fficient 
is  ahiout  1*35,  At  high  saturations  it  might  become  1*4,  and  at  this 
figure  wc  will  take  it.  The  weight  of  field  copper  per  spool  is  8*22  lbs. 
and  its  cross- sect  ion  2  ins.  by  2  ins* 


h 


Fit;.  4. 

If  the  leakage  could  he  reduced  to  no,  the  pole  arca^  which  is 
now  9^6  siq.  ins.  would  become  7\=;5  sq.  ins.,  and  its  diameter  would 
be  reduced  from  y$  ins.  to  3^10  ins.  This  reduces  the  field  copper 
to  777  lbs,  and  the  cost  of  the  total  copper  by  about  6  per  cent*, 
a  reduction  hardly  worth  making  for  its  own  sake  tinless  other  advan- 
tages ensue*  The  question  is  :  Can  this  leakage  be  decreased  without 
proportionately  increasing  the  amount  of  field  copper  or  the  cost  of  the 
frame?  In  answering  this  question  we  notice  that  to  reduce  the  leak- 
age wc  must  either— 

1,  Increase  the  length  of  the  leakage  paths,  A  and  B^  Fig.  2,  or 

2,  Decrease  their  area. 


y 
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In  ootisidering  the  first  e^tpcdient  we  have  aki^dy  dctenniiied  that 
lo  apply  the  remedy  of  a  larger  field  frame  is  iiiadmissibk.  Examma- 
tion  of  Fig.  J  I  shows  us  at  once  that  the  main  leaJtage  w^ili  take  plac« 
from  pole  tip  lo  pole  tip»  There  wiJl  be  also  considerable  le^k^e 
from  pok  to  pole  and  also  from  tip  to  yoke. 

Now  the  leakage  path  from  tip  lo  tip  can  l>e  reduced  by  placing  the 
magnetising  coil  nearer  the  armature,  Lc.,  around  the  tip  itself,  and  the 
artia  of  the  path  between  pole  and  pole  can  be  reduced  by  shortening 
the  polci  while  the  area  of  the  path  (and  its  length)  can  be  changed 
by  bringing  the  sides  of  the  coils  upon  the  respective  poles  nearer 
together. 

Thus  the  ideal  machine  to  reduce  magnetic  leakage  to  a  minimuni 
would  be  arranged  as  in  Fig,  4,  either  III  or,  belter,  IV  ;  but  in  making 
the  change  from  Fig  3  to  Fig.  4  we  have  considerably  increased  the 
length  of  mean  turn  of  the  fit-Id  coil,  and  some  method  of  compensating 
for  this  must  be  introduced  if  any  economy  is  to  be  effected. 

This  compensation,  however,  is  at  once  seen  to  be  present  from  the 
following  table  : — 


Table  L 


Design  o/Fig,  3  L 
(a)  Cylindrical  cooling  surface — A, 

(&)  Laminated  pole  tip  to  provide 
and  fit 

(c)  Pole  to  machine  and  cast  in. 

(d)  Large  diameter  frame. 
(c)  Commutation  good* 
(/}  Leakage  factor,  large. 


Design  t>/Fig,  4  III  or  II 
Cylindrical  cooling  surface  1 

aA. 
No  pole  tip- 
No  machining  on  pole» 
Small  diameter  frame* 
Commutation  excellent. 
Leakage  factor,  small. 


The  question  of  commutation  requires  a  word  or  two  of  e}q>Unation. 
Good  commutation,  apart  from  special  devicesi  entails  steady  inlerpobr 
magnetic  distribution.  Such  distribution  is  much  more  marked  in 
machines  of  types  III  and  IV  than  in  those  of  type  I.  This  is  partly 
to  be  accounted  for  by  the  decrease  in  leakage  and  partly  by  the  close 
proximity  of  the  iield  coil  to  the  armature. 

We  can  therefore  take  advantage  of  the  new  construction  in  five 
ways  I— 

u  Increase  the  field  loss  a,  thus  bringing  the  weight  of  copper  to 
the  original  value  and  saving,  if  possible,  on  6,  c,  d ;  this  is 
inadvisable  owing  to  the  necessarily  low  rating  when  eiiclosi^ 
2.  Let  the  weight  of  copper  remain,  and  save  if»  po&sibJe,  on  b,  c,  d, 
3»  As  the  whole  machine  is  likely  to  keep  much  cooler,  the  armature 
dimensions  may  be  reduced  and  a  saving  e6fected  there  without 
practically  affecting  the  cfiiciencyp 
4.  While,  if  possible!  i^vi^gi  ^s  in  2  above,  increase  the  overload 
capacity  on  account  of  e. 
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5»  Decrease  the  armature  turns  in  ratio  of  old  to   new  leakage 
factor  ;  increase  section  per  turn  and  thereby  the  output. 

In  applying  these  possibihties  in  practice^  it  has  been  assumed  that 
the  6eid  loss  remains  about  constant,  while  the  tength  of  mean  turn  in 
increased  from  17*6  ins.  to  aS  ins*  Since  the  resistance  of  mean  turn 
must  be  kept  constant  if  the  voltage  per  coll  and  ampcrc*turns  are 
constant,  it  follows  that  a  wire  of  slightly  larger  diameter  is  used  in  the 
new  form.  The  comparison  of  one  coil  of  Figs.  3  I  and  4  IV  is  as 
follows  I — 


Table 

II. 

jng.  3. 1. 

m-  4,  IV. 

Ampere-turns 

.*« 

1.725 

■*    1*725 

Length  mean  turn   *.* 

.*, 

i7"6  ins. 

28  ins* 

Current          

..* 

OS7S 

0*62 

Watts.. 

••■ 

"5 

.*       124 

Yoke  diameter 

*^p 

2oj  ins.   * 

i8t  iits 

Cost  of  copper  (four  coi 

Is)... 

... 

36s, 

52s. 

Cost  of  steel 

... 

i6^4s. 

134s. 

Leakage  coefficient 

... 

I  "35 

1*1 

Output  for  given  speed 

..i 

5'oo       , 

6'OQ 

Note.— Fig.  3  has  a  cast-iron  yoke.  This  in  the  above  table  has 
been  reduced  to  cast  steel. 

SOj  thcn^  the  alteration  results  in  a  machine  of  small  diameter 
costing  specifically  less,  yet  with  better  commutation,  slightly  larger 
output,  better  overload  capacity  both  on  account  of  the  commutation 
and  the  smaller  distortion  because  of  the  pole  shape. 

In  the  above  comparison  Uttle  or  nothing  has  lieen  said  of  the 
reduced  cost  of  machining  Fig.  4  IV,  because  it  may  be  argued 
that  if  lamination  of  the  pole  tip  is  good  for  the  one  it  is  necessary 
for  the  other.  Fig.  4  is  at  least  as  good  as  Fig.  5  I,  from  the  enclosing 
point  of  view,  since  its  radiation  is  so  much  better  and  its  field  loss  so 
little  increased. 

Now  in  making  the  above  comparison  I  have  changed  the  original 
machine  without  reference  to  the  fact  that  in  so  doing  we  have  missed^ 
the  best  proportions  for  the  new  machine.  The  original  machine  had 
a  round  pole  which  is  the  best  shape.  '*  Round''  being  out  of  the 
question  for  the  new  machine,  we  shall  adopt  "  square  "  as  the  next 
best  shape.  Keeping,  then,  pole  area  and  flux  per  pole  constant^  we 
reduce  the  armature  diameter  to  8^  ins.  and  alter  its  length  to  47  ins, 
instead  of  4  ins.  The  cooling  surface  is  therefore  almost  the  same 
while  the  field  length  of  mean  turn  t>ccomes  26  ins.  instead  of  28  ins. 
AJl  this  is  shown  in  Fig.  3  1 1.  Thus  a  comparison  of  Figs.  3  I  and  11 
yields  the  following  table  : — 
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AKAGE   AND 

[Manchester, 

Fig.  s  L 

nit  3 II 

1725 

... 

1.725 

17*6  ins. 

— 

26  tns. 

^3 

... 

2J 

ao7S  ins. 

«<* 

r8  ina 

16^45, 

«.< 

133s, 

36s. 

*,, 

48^. 

524s. 

.** 

605s. 

135 

„< 

I'l 

5W 

... 

600 

io'5s. 

... 

lO'oSs. 

Ampere- turns 

Length  of  mean  turn 

Fi  eld -watts  per  €cnt, 

Yoke  diameter         ...        

Yoke  cost 

Field  copper  cost 

Total  cost  (yoke  and  fie  id  copper) 

Leakage  factor  (est.)  

Output  (k.w.).,.        ... 

ShtlliH^s  per  kilowatt 

Note  that  in  the  above  contrast  the  costs  of  the  two  armatures  art 
the  same,  so  that  the  cost  per  kilowatt  is  really  far  more  favourable  10 
Fig,  3  II  than  appears.  From  this  comparison  it  is  evident  that 
even  without  considering  the  reduced  cost  of  machining,  Fig*  3  II 
is  the  belter  machine. 

These  principles  should,  I  think,  be  applied  in  machines  up  to 
about  20  B,H.P*  Beyond  this  size  the  ratio  of  the  cost  of  activv 
material  to  labourj  together  with  the  small  decrease  of  the  leakage 
coefticicnt,  render  the  advantages  to  be  gained  more  doubtful. 

Now  Fig,  4  immediately  suggests  the  possibility  of  advantages  to  be 
giained  by  replacing  the  four  original  coils  by  one  of  zigzag  shape. 
This  is  an  important  pointj  tlie  more  so  as  several  patents  have  recently 
been  taken  out  in  this  direction.  That  the  idea  is  not  new  is  evident 
from  a  perus^il  of  patents  No,  7079  of  1887,  and  No,  3970  of  1892, 
The  newer  patents  are  No,  6666  of  1902,  No,  21202  of  1902,  and 
No.  9604  of  1903,  and  they  all  have  for  their  object  %vhat  is  termed 
^'  magnetisation  of  the  armature "  as  against  the  usual  plan  of 
magnetisation  of  the  field  magnet. 

The  clear  meaning  of  this  is  that  the  inventors  have  ainied  cither 
at  abolishing  magnetic  leakage,  or  else  magnetising  the  armature,  so 
that  the  armature  itself  carries  a  greater  flux  than  the  field  poles.  This 
might  easily  be  the  case  if  there  is  any  considerable  gap  between  the 
wire  of  the  coils  and  the  poles  themselves.  It  also  incidentally  leads 
us  to  discuss  the  whole  question  of  single  field -coil  machines. 

In  approaching  this  subject  we  must  realise  first  that  the  watts 
dissipated  in  any  field  depend  upon  the  ampere-turns  per  pole  required, 
the  resistance  of  the  mean  turUi  the  mimber  of  poles,  and  the  field 
current.  With  given  voltage  across  the  field  and  given  watts  to  be 
dissipated,  the  field  current  is  fixed,  and,  of  course,  the  ampere4urns 
per  pole  are  usually  also  fixed  beforehand.  Thus  the  product  of  the 
resistance  of  the  mean  turn  per  pole,  and  the  number  of  poles,  will  in 
such  a  case  be  a  constant,  and  the  ampere- turns  of  the  single  coil  will 
always  have  lo  be  equal  to  those  required  for  one  complete  magnetic 
circuit,  i.e.,  twice  the  ampere- turns  per  pole.  Consequently,  as  a  basis 
of  comparison,  if  we  can  show  that  the  length  of  the  mean  turn  of  the 
single  coil  is  less  than  the  product  of  half  the  number  of  poles  an 
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length  of  mean  turn  per  pole  in  the  ordinary  multipolar  case^  then  it 
^n  pay  to  use  the  sioglc  coil,  unless  indeed  it  be  of  ^uch  an  exceptional 
shape  that  the  expense  of  winding  it  places  it  out  of  the  question* 

In  the  above  machines,  l^g.  4,  if  we  substitute  a  single  coil  for  the 
four  existing  coils,  it  must  be  of  the  shape  shown  in  Fig.  5  approxi- 
mately, and  since  the  centre  of  its  section  must  correspond  with  the 
neutral  point  between  the  poles,  it  follows  that  its  length  of  mean  turn 
wll  be  62  ins,  as  compared  with  z  x  26  ins.  or  52  ins,  of  Fig*  3  M.  It 
will  be  obvious  that  the  greater  the  number  of  poleSj  and  the  shorter 
tbe  length  of  the  armature,  the  more  likely  is  the  single-coil  machine 
to  compete  with  one  with  as  many  coils  as  poles;  but  it  can  rarely 
be  worth  while  to  add  poles  for  the  sake  of  using  the  single  coiL 
From  this  it  follows  that  the  original  Lundell  motor  is  the  vt;ry  worst 
form  of  machine  for  a  single  &eid-coil  machine,  as  it  only  has  two 
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poles  I  and  it  is  further  at  a  disadvantage  in  that  the  axis  of  the 
coil  is  inclined  to  the  armature  in  such  a  way  as  to  set  up  great  mag- 
netic leakage  along  the  shaft  and  bearings.  It  is  a  proof  of  how  much 
the  price  of  small  motors  depends  upon  machining  (and  not  active 
material)  that  the  Lundell  motor  could  ever  compete  against  bipolar 
machines  with  ordinary  held  coils, 

A  better  shape  of  coil  than  that  employed  in  the  LundcH  motor 
would  be  the  bipolar  form  of  Fig,  5  ;  but  this,  though  it  is  used  by 
one  firm,  can  hardly  be  economical  since  the  ends  have  to  be  bent 
so  far  out  of  their  shortest  path  to  clear  the  armature  top  and  bottom, 
thus  resulting  in  an  abnormal  length  of  mean  turn  far  greater  than  that 
of  the  ordinary  bipolar  motor.  It  is  a  fact,  however,  that  so  excellent 
is  the  commutation  produced  by  field  coils  which  lie  midw^ay  between 
the  pole  tips,  wliile  closely  enveloping  the  armaturej  and  no  much  is 
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the  leakage  coefficient  reduced  thereby,  that  machmes  far  siiiaikt 
than  those  of  ordinar>'  construction  can  be  built  for  a  given  oulpot* 
This  has  been  already  proved  in  Table  IIL  There  is  little  daubt  that 
the  excellent  commutation  is  in  all  these  cases  due  to  the  fact  that  the 
position  of  the  field  coil  renders  definite  the  interpc^lar  field  ;  wliile  tUe 
fact  that  the  yoke  comes  much  nearer  the  armature  (which  would  in 
itself  I  as  a  rule,  render  commutation  difficult),  is  discounted  also  by 
the  posit jou  of  the  coil  Indeed,  it  is  not  too  much  to  say,  that  by 
the  use  of  coils,  whether  single  or  double,  passing  through  tlie  inter' 
polar  spacCj  an  effect  can  be  obtained  approaching  that  produced  t^ 
special  comnmtating  poles.  The  field  shape,  of  course,  is  then  net 
unlike  an  ordinary  slotted  stator,  with  as  many  slots  as  polcs^ 

As  regards  the  question  of  the  nearness  of  the  yoke  upsetting  good 
commutation,  I  have  found  that  in  certain  machines  of  the  bipolar 
Lahmeyer  type,  the  nearness  of  the  armature  to  the  yoke  upset  com- 
mutation upon  overloads*  A  cure  was  found  for  the  trouble  by  fitting 
from  pole  to  pole  in  the  inter  polar  space  and  quite  close  to  the  arma- 
ture a  sheet  of  copper  ;  this  having  the  effect  of  considerably  reducing 
the  reactance  voltage  of  the  machine.  It  is  said  that  tbe  field  coils 
of  single- coil  machines  possess  something  of  this  effect,  but  1  ver^ 
much  doubt  it 

I  have  already  touched  upon  the  question  of  the  relative  economy 
of  single-coil  as  against  multi-coil  machines.  The  question  turtis  (as 
has  been  said)  upon  the  ratio — 

Length  of  mean  turn  of  single  coil 


Length  of  mean  turn  per  pole  x  pole  pairs 

With  two  poles  the  single  coil  is  never  advantageous,  and  with  four 
and  six  polet^,  very  rarely.  With  more  than  six  poles  the  single  coil 
may  pay,  but,  generally  speaking,  the  machine  easiest  to  wind  and  most 
economical  is  that  shown  in  Fig,  3  II.  The  single-coil  machine  caD 
be  made  as  economical  of  copper  as  this  latter  form,  but  only  by 
cutting  away  alterjiately  on  the  right  hand  and  on  the  left  tbe  pole* 
of  the  macliine  (Fig.  5),  This  resotves  itself  into  slightly  staggered 
poles  with  a  shoe  alternately  to  right  and  left,  which  by  incr^tsilig 
the  leakage  factor  does  away  with  some  of  the  advantages  of  the  type. 
It  must  be  remembered,  however,  that  the  provision  of  shoes  upon 
the  sides  of  the  poles  is  a  very  different  matter  to  the  ose  of  ordinary 
pole  horns  or  tips,  since  it  does  not  increase  the  leakage  factor  to  the 
same  extent. 

In  the  above  analysis  I  have  tried  to  be  as  fair  as  possible  to  all 
shapes  of  machine  by  taking  the  very  best  of  each  class.  In  this 
respect,  then,  I  think  the  figures  I  give  form  a  much  more  reasonable 
basis  for  comparison  than  those  used  by  H.  F,  Joel  *  in  cotnparing  ^ 
cast*stecl  6-B.H.P,  single-coil  machine  of  very  careful  and  economical 
design  with  a  4-B*H-P,  cast-steel  ordinary  4'pole  motor  of  such  design 
that  a  first  glance  condemns  it  as  iiopelessly  bad.  Naturally  the  cotn^ 
*  SieciriCitl  Kn'ic^,  vol.  55,  1904,  pp,  ^03,  273. 
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parison  is  much  more  favourable  to  the  single-coil  machine  in  his  case 
than  under  the  conditions  adopted  by  me. 

Summiu'ising  now  the  results  so  far  attained  : — 

1.  In  machines  up  to  20  H*P.  the  leakage  is  sufficiently  great  to 
make  it  worth  while  to  adopt  special  means  to  reduce  it* 

2.  One  of  the  best  remedies  is  the  placing  of  the  field  coils  close 
to  the  armature  and  practically  spanning  the  pole  pitch* 

3.  A  iiingle  coil  may  be  adopted  in  place  of  the  usual  one  coil  per 
pole,  but  this  is  not  as  a  rule  economical. 

4.  The  single    coil  will  be  more  economical  than  the  separate 
coils  if  the  length  of  mean  turn  of  the  single  coil  is  less  than 

[the  length  of  mean  turn  of  any  one  of  the  separate  coils 
multiplied  by  half  the  number  of  poles. 
5.  Adopting  either  of  these  methods  of  field  winding  incidentally 
reduces  both  the  weight  of  iron  and  the  cost  of  the  machine, 
and  at  the  same  time  improves  the  commutation, 
6.  As  the  general  result,  tbereforej  smaller  machines  at  a  reduced 
cost  can  tte  built  for  the  same  output. 
Having  shown  that  considerable  advantages  are  to  be  gaijied  by 
rounding  the  armature  closely  by  its  fields  coils,  the  logical  deduc- 
1  is  that  if  both  field  and  armature  coils  are  placed  upon  the 
lature  the  results  will  be  belter  stilt,  since  any  harmful  leakage  is 
n  converted  into  useful  leakage.  This  system,  of  cour^ae,  would  do 
away  with  the  field  coils  proper  altogether,  and  would  resolve  itself 
into  the  equivalent  of  an  armature  and  commutator  with  the  brushes 
set  at  an  angle  to  the  neutral  line,  which  arrangement  in  the  case  of 
the  series  motor  might  be  adopted  ;  but  in  the  case  of  the  shunt  motor 

I  we  should  need  two  commutators  and  two  sets  of  coils,  with  the  **  field 
brushes"  at  right  angles  to  the  "armature  brushes."  Considering  first 
the  case  of  the  shunt  machine,  and  remembering  that  the  full  voltage 
raust  be  put  across  the  field  brushes,  and  that  the  field  current  will  be 
Limited  only  by  the  resistance  of  the  coils  connected  to  that  com- 
mutator, we  are  at  once  confronted  with  the  tact  that  the  number  of 
field-turns  would  render  such  a  winding  very  costly  compared  with 
the  **imple  field  colls  of  an  ordinary  dynamo.  Hence,  from  ordinary 
commercial  considerations,  this  variety  must  be  considered  to  be  ruled 

tout  of  the  question. 
The  case  of  the  series  motor  is  different      Here  the  field-turns  will 
only  be  about  the  same  as  the  armature-turns,  so  that  it  is  worth  while 
■     goi^S  ioto  the  question  to  see  if  any  substantial  advantage  may  be 
I    gained.     From  the  theoretical  point  of  view,  we  have  two  factors  to 

t 


I,  The  field  coils  being  distributed  about  the  circumference  of 
the  armature  will  not  have  along  the  field- brush  axis  the 
eflfect  of  a  concentrated  coil  producing  the  same  ampere- 

2 
turns,  but  only  about       time*  this  value. 
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2.  The  leakage  factor  will,  so  far  as  mutual  induction   between 
the  armature  and  field  coils  is  concerned^   be  pracbcally 

unity* 

It  is  evident  that  the  first  consideration  to  some  extent  discounts 
tht;  second  J  so  that  we  shad  not  expect  to  find  any  value  in  this  t}'pc  oi 
machine  except  in  special  cases.  For  having  placed  both  field  and 
armature  coils  on  the  same  member,  we  can  make  the  yoke  and  poles 
either  exceedingly  cheap  or  exceedingly  light.  If  cheapnesii  is  desired, 
a  simple  iron  casting  bored  out  is  all  that  is  necessary  ;  if  lightness  i^ 
desired,  cast  steel  may  be  used,  and  in  either  case  the  magnetic  circtilt 
is  economical  because  very  shorty  so  that  the  o\*crall  diameter  of  the 
machine  wtU^  H  the  armature  dimensions  are  not  much  increased,  be 
much  reduced  bv  the  new  construction. 


Fig.  a 

In  order  to  put  these  theories  to  a  practical  test,  1  have,  with  the 
assistance  of  Mr.  Garner,  carried  out  at  the  Municipal  School  of 
Technology  a  series  of  experiments  upon  a  bipolar  double -com  mutator 
machine,  a  diagram  of  whose  frame  is  given  in  Fig.  6. 

The  following  are  particulars  :— 

Machine  uscd.—UoioT  transformer  No.  6,6i6,  made  by  the  Electric 
Construction  Company. 

Tv/^^.— Elwell  Parker,    Bipolar  overtype  drum  (smooth). 

Armature, — High-tension  (H<T.}  side,  a2o  volts^  280  conductors. 
Low- tension  (L.T.)  side,  :2o  volt^,  28  conductors. 


^ 
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Field  Winding,  —  Each  limb  27  layers,  152  turns  per  layer,  in 
0*052  ins.  diameter  wire.     Resistance,  45  ohms.    Total,  90  ohms  hot. 

Output. — 2  kilowatts. 

Leakage  Coefficient,— Calculated  by  Forbes'  Lemmae,  i*5i. 

It  will  be  seen  that  though  from  the  point  of  view  of  leakage,  this 
is  an  excellent  example,  yet  it  is  difficult  to  obtain  upon  the  armature  a 
number  of  ampere-turns  corresponding  to  that  which  would  normally 
be  upon  the  field. 

The  first  point  of  importance  is  the  fact  that  while  the  leakage  co- 
efficient as  calculated  is  1*51  we  can  hardly  expect  to  change  this  to 
unity,  since  part  of  the  leakage  is  due  to  the  shape  of  the  field,  and 
leakage  will  take  place  even  when  exciting  f roin  the  armature ;  also 
on  account  of  the  abnormally  low  saturations  in  the  test,  the  co- 
efficient would  be  reduced. 

The  second  point  is  the  importance  of  setting  the  field  and  armature 
brushes  in  such  relative  positions  that  the  effect  of  lack  of  symmetry 
in  the  pole  horns,  etc.,  is  entirely  eliminated.  This  was  accomplished 
as  follows : — 

The  machine  was  driven  at  constant  speed  by  a  small  motor,  and 
no  excitation  being  on,  both  H.T.  and  L.T.  brushes  were  moved  till 
they  gave  their  maximum  volts  (due  to  residual  field  magnetism)  so 
that  both  were  upon  the  neutral  line.  Since  the  H.T.  brushes  were  to 
be  used  for  the  field  excitation,  the  L.T.  armature  brushes  were  first 
fixed  by  choosing  such  a  position  that  no  matter  what  current  was 
passed  through  them,  the  generated  volts  did  not  increase,  ^i.e,,  there 
was  no  resultant  field  at  right  angles  to  the  L.T.  brushes  due  to  their 
own  current.  The  H.T.  brushes  were  then  moved  round  till  they  were 
at  right  angles  to  that  position  where  they  would  give  a  voltage 
ratio  =  ratio  of  turns  as  compared  with  the  L.T.  side. 

The  results  which  I  am  about  to  quote  are  those  of  the  third  series 
taken.  The  first  two  series  were  each  found  to  contain  errors  due  to 
lack  of  field  symmetry  or  other  causes  which  gradually  showed  them- 
selves as  the  work  advanced. 

The  normal  maximum  field  ampere-turns  are  18,300.  This  would 
entail  a  H.T.  current  of  260  amperes.  The  maximum  current  we  could 
use  was  35  amperes,  and  this  corresponds  to  2,450  ampere-turns.  Thus 
the  saturation  was  much  lower  than  usual,  and  an  examination  of  the 
magnetisation  curve  showed  that  we  never  reached  the  knee. 

The  argument  used  was  as  follows :   The  ampere-turns  of  the 

2 
H.T.  armature  acting  along  the  normal  field  axis  will  be    about  - 

times  those  of  a  concentrated  field  coil  having  the  same  current  and 
turns,  but  placed  centrally  around  the  armature  between  the  poles. 

I.  If,  then,  we  excite  the  H.T.  armature  with  a  certain  current 
and  apply  a  voltage  to  the  L.T.  side,  the  machine  will  run 
as  a  motor,  and  at  a  fixed  speed  the  L.T.  back  volts  will  be 
proportional  to  the  flux  set  up  by  the  field  ampere-turns. 
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Now,  leaving  the  H,l\  armature  unexcited,  providing  od  tb 

field  coils  ampere-twns  -  times  those  of  the  armature,  and 

measuring  the  L.T-  volts  at  similar  speeds^  will  give  m  ihe 
corresponding  flux  set  up  by  a  corresponding  Dumber  of 
field  ampere- turns,  and  the  ratio  of  the  L,T.  volts  in  the 
two  cases  will  be  the  change  in  the  leakage  factor  produced 
by  the  change  of  position  of  the  exciting  coils,   provided 

always  tliat  the  above  ratio  (-j  is  correct. 

11.  Similarly,  if  instead  of  using  the  L.T.  armature  as  a  motor 
armaturej  we,  with  similar  excitation  conditions^  diive  the 
machine  independent jy,  then  the  direct  ratio  of  voltages  on 
the  L.T.  side  is  the  change  of  leakage  factor. 

The  results  of  Test  I.j  as  above,  are  given  in  Tables  IV,  and  V., 

and  the  results  of  Tests  11.  in  Tables  VI .  and  VII.  The  only  possible 
source  of  error  is  change  of  H*T.  carbon  brusli  resistance,  which 
practically  does  not  affect  the  results.  (The  L*T,  brushes  were  of 
gauze).  Some  of  the  results  of  Test  II.  are  plotted  in  Fig.  7.  and 
these  show  the  equivalent  of  a  change  in  the  kakage  factor  froni 
1^42  to  1*24, 


Table  IV. 

Condi  Hans. — Excitation  provided  by  H.T.  winding,  L>T,  winding 
motor  armature. 


168 
190 
300 
400 

530 

740 

r,ooo 

1,640 


11. 


Itl. 


H.T.  L.T. 


If 


17-20 
1675 

14-40 
120s 

lOIO 

8-56 
5SS 


1*50 

1*64 
r94 
2-25 

2 '91 
3'39 

4*56 


IV. 


H.T. 


V. 


3£ 


158 
169 

184 

204 
218 

322 
226 


VI. 


LT. 


riiS 

V2lS 

rjio 
1350 
1-416 
1-440 
1^468 
IH95 


VI  I,      VI  ri. 


H.T,        H.T. 


\i< 


1-40 

1  so 

305 

4*30 

6^65 

8'6o 

iO"i4 


IX. 


L.T, 


MS 

II 


0455 ' 

0522 

071a 

0*940 

:tl 

1-170 

% 

i*4<H 

n 

1950 

3"33i 

1 

3065 

Low-tension  armature  resistance    ss  o'oo66  ohms. 
High*tension  annaiure  resistance  3==  0-535  ohms. 
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Table  V. 

Conditiom. — 

Constant 

exciting    current 

io    main    £cld 

winding. 

Motoring  from 

L.T.  winding. 

'       I. 

IL 

Ill, 

IV. 

V. 

VL 

vit 

vin. 

L,T. 

H.T. 

CR.  Dnn 

L.T. 

LT. 

Tempera- 

Speed, 

Aitnature 

Generated 

(n  LT. 

Ann;itun; 

Back 

Field 

Xmt 

Volti 

Volta. 

AnnAtuTc. 

Current. 

Vultt 

(avtmgeX 

170 

0-678 

O'ISS 

0-206 

35'o 

0*402 

193 

0745 

0*174 

0*212 

36*0 

o'533 

240 

0-825 

0*220 

0*224     1         38*0 

0*601 

330 

0-970 

0130 

0-236 

40-0 

0734 
0748 
0*961 

U*^ 

340 
418 

0990 
1*170 

0-358 
0460 

0-242 
0*250 
0*268 

41-0 
44'o 

1^ 

v& 

650 

1-370 

0-678 

45*5 

1*102 

&4 

1-^20 

o%8 

0-280 

ATS 

1-240 

s:  0 

Boo 

1-830 

1*076 

0-292 

49'5 

1-538 

1     tl  ^ 

.      9^^ 

2*050 

1*310 

0*500 

Sio 

1750 

8. 

*S 

I   iio6o 

2-530 
2*460 

1-650 

0'312 

53'o 

1-918 

b 

-a  g 

I|200 

1-950 

0-324 

55^0 

2-136 

s  § 

1,250 

2*520 
2*830 

2*050 

0*327 
0*348 

0-362 

55*5 

2-193 
2'482 

u^< 

1^00 

2350 

59*0 

1,530 

3-100 

3'030 

6t*5 

2*738 

1,760 

3-530 

4^050 

0*406 

69*0 

3-124 

Table  VI. 

\        Cm 

ditions.^ 

Varying 

excitatio 

ns    prov 

ided     by 

H.T. 

winding. 

Machine  independently  driven  at  constaixt  speed. 


I. 

.1. 

in. 

IV. 

V, 

Spted. 

H.T. 

BxellJnc 
Carrent, 

H.T. 

Applied 
Volti. 

UT. 

Atmalttre 
VoltL 

AiTipere~tiira« 

on  H.T. 

Winding.. 

/ 
\ 

3-6 
7-a 

it'8 

"9-3 

23-3 

31-3 
33-4 
35-0 
37*o 

a'7i 
4-50 

It, 

8-65 

992 

11*42 

16*40 

I7'50 
:8*eo 
19*20 

0*290 

0-401 
0-462 

o'S5* 
0-714 
0*812 
0*936 
1-270 
I  342 
1*393 

80 
t6l 
203 
263 

430 
497 
697 

7S2 

8a5 

su 
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Note.— In  this  test  there  is  a  very  wide  range  of  H-T,  currents 
extending  from  zero  to  practically  twice  the  fuJMoad  current,  and 
since  tt  is  on  the  H.T.  side  that  carbon  brushes  have  been  used,  it 
cannot  be  assumed  that  the  H.T,  resistance  is  constant. 

Seeing  that  the  difference  between  applied  volts  and  C.R,  dn^ 
is  very  snialj  and  also  unimportant  (^ince  it  is  due  either  to  errors  in 
resistance,  calculation,  or  to  dissymmetry  of  the  field  flux),  the  cal- 
culation of  this  voltage  and  the  C.R-  drop  have  in  this  case  been 
neglected 


Table  VII. 

Candiiians. — Excitation  provided  by  main  field  winding, 
driven  independently  at  constant  speed, 


Macliitic 


I, 

It. 

HI. 

IV. 

Speed. 

L<T. 

Armiiture 
Volls. 

CnzrviiL 

AiiiiKr«4i)nu 
onFfdH 

0*252 

o'445 

0-563 
0-685 

0765 
0*910 
1075 

1*210 
1*300 

00212 

0*0396 
0^0606 
0*0796 
OTOOO 
0*1170 
0^1370 

O'i6oo 
0^780 
01960 

»7*0 

l62'0 

549*0 
327-0 

4io'o 
4700 
5620 
657-0 
731*0 
8o5'o 

It  was  thought  that  the  change  referred  to  was  really  unreasonablj 

small  and  the  ratio  -  fell  under  suspicion.    To  check  this  Mr,  Garner 

took  for  me  an  oscillogram  of  the  flux  distribution  when  exciting  from 
the  main  fields ;  and  as  it  was  found  impossible  to  obtain  a  reliable 
oscillogram  when  exciting  from  the  armature,  the  curve  for  the  latter 
was  deduced  from  the  former  by  the  method  shown  in  Fig.  8,  where 
the  bars  i»  2,  jj  etc.,  represent  the  positions  of  the  armature  conductor 

groups.     This  shows  that  the  ratio  —  (0*637)  was  too  large,  and  that 

0-579  is  really  much  nearer  the  probable  truth.  Allowing  for  this  the 
tield  ampere-turns  should  have  been  decreased  in  tin >  ratio,  so  causiJ^ 
the  leakage  factor  (and  hence  the  output)  to  be  changed  by  21  percent. 
instead  of  iz  per  cent.  That  is,  by  putting  the  exciting  coils  on  the 
armature  the  output  would  be  increased  by  these  amounts.  As  a 
matter  of  fact,  however,  this  is  only  a  portion  of  the  advantage  to  be 
gained,  for  the  weight  of  the  field  could  then  be  reduced  from  6  cwl, 
toatjout  a  cwt. 


mmM 
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There  are  many  points  of  interest  about  this  research  which 
was  so  well  carried  out  for  me.  tOne  of  the  most  interesting  is  the 
following : — 

In  Test  I.;  where  the  low-tension  armature  current  is  considerable, 
an  induced  voltage  naturally  makes  its  appearance  at  the  field  brushes. 
The  direction  of  the  voltage  is  such  as  to  reduce  apparently  the  C.R. 
drop  at  the  H.T.  brush  terminals  ;  or,  in  other  words,  the  armature 
cross  field  becomes  in  these  machines  useful  leakage  and  tends  to  provide 
the  field  current.  This  is  well  shown  in  the  decrease  of  H.T.  applied 
volts  with  constant  current  in  Column  2,  Table  III.  But  it  was  also 
observed  that  when  the  effect  of  change  of  speed  is  eliminated  the 
voltage  is  found  to  be  constant  and  independent  of  the  armature  ampere- 
turns. 
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Fig.  7.— Results  of  Test  II. 

An  exact  reason  for  this  phenomenon  I  am  unable  to  furnish,  but 
I  think  it  can  only  be  explained  upon  the  assumption  that  increase  in 
armature  reaction  causes  the  resultant  field  always  to  move  through 
such  an  angle  as  will  cause  the  horizontal  and  vertical  components  to 
remain  constant.  Thus  increase  of  the  armature  current  reacts  upon 
the  field  ampere-turns  tending  to  distort  the  main  field.  And  this 
distortion  is  such  that  the  changed  reluctance  of  the  field  path 
changes  also  the  resultant  field  till  the  armature  component  reaches 
a  fixed  value,  which  depends  only  upon  the  field  frame  shape.  That 
the  same  conditions  do  not  obtain  when  excitation  is  provided  by  the 
field  is  abready  shown  by  Fig.  9,  where,  as  would  be  expected,  increase 
of  armature  L.T.  reaction  increases  H.T.  volts  per  revolution  per  minute. 
Vol.  as.  87 
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Another  point  which  is  full  of  suggestive  interest  is  the  fact  that 
rotation  of  the  armature  in  the  BG^d  set  up  by  the  armature  currtnt 
produces  an  E,M.F.  at  the  field  brushes  amstiftg  the  field  current 
This  is,  of  course^  equivalent  to  saying  that,  if  the  field  brushes  were 
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short-circuited,  they  would  of  their  own  accord  by  rotation  of  (he 
arnmture  in  the  armature  field  set  up  a  field-current  magnetising  m 
the  proper  direction.  But  this  is  the  very  essence  of  modem  com- 
pensated alternutin^-curreul  motors,  and  to  students  and  teachers 
ahke  forms  a  most  valuable  alartiug- point  for  tbe  study  of  such 
machines. 
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The  loregoing  tests,  though  conclusive  evidence  that  hi  the 
machine  actually  tested  the  saving  everywhere  by  adopting  armature 
and  field  coils  placed  on  one  member  is  enormous,  form  hardly  a  just 
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Ampere-TurnB  Low-Tension  ArmRtaro, 
Fig.  9.— Armature  Reaction, 

criterion.  For  m  fairne^ss  it  should  be  stated  that  the  type  of  machine 
is  old,  and  though  the  saving  in  the  case  of  modern  machines  might  be 
considerable,  it  could  nol  be  of  the  same  magnitude  as  in  this  case.  To 
take,  therefore,  a  more  up-to-date  instance  we  may  use  the  machine 
already  shown  in  Fig,  3  I.     If  this  n-aehine,  with  a  standard  armature 
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winding,  be  used  as  a  series  motor  witliotit  fieW  cotb^  then  when  its 
brushes  arc  inclined  al  an  angle  ol  45*"  to  Ihe  neiilral  tinev  its  ool|ntf 
tb  less  than  one*  half  of  its  previous  power.  There  are  two  poeats^ 
however,  that  must  not  be  overlooked;  one  is  the  fact  thai  if  tbc 
machine  is  designed  on  these  lines  for  use  as  a  series  motor,  a  difiierest 
length  of  armature  can  be  used  giving  rather  better  resalts  th^ 
those  quoted.  The  other  is,  that  by  altering  the  mn0£  at  wttkii  tiit 
brushes  are  inclined,  the  field  and  armature  ampere-hiriss  tan  be 
adjust^,  giving  us  a  large  control  by  very  simple  means.  Tbc  effect 
of  such  change  is  to  give  variable  torque  with  practicaJly  coa^osd 
speed  ;  for  if  a  sinusoidaJ  distribution  be  assnmed  for  6eld  Mid 
armature,  moving  the  brushes  through  an  angle  ol  0"  irom  tbW  fidd 
axis  changes  the  field  effective  ampere^ turns  according  lo  cos  ^  aiul 
the  armature  effective  turns  according  to  sin  t^  so  that  the  torqoc, 
which  is  proportional  to  the  product  of  these  two*  is  a  m^iiiwim 
at  r=45". 

Corresponding  to  every  position  of  the  brushes  the  motor  lus  a 
dehnite  characteristic  ;  when  the  brush  axis  nearly  corresponds  wilh 
the  field  axis  the  characteristic  is  tliat  of  a  series  motor  with  a  stroi^ 
field  and  weak  armature^  while  the  reverse  is  the  case  if  the  brosfa 
axis  approaches  a  position  at  right  angles  to  the  field  asds.  Thas 
while  maximum  torque  exists  when  ff  equals  45^,  iticrea^ing  0  beyond 
this  value  will  cause  the  armature  active  turns  to  increase  and  tbc 
field  ampere -turns  to  fall,  so  that  when  the  speed  remains  abowl 
constant,  the  torque  is  slightly  reduced. 

In  practice,  however,  such  sinusoidal  distributions  De\ner  are  found. 
If,  as  is  usual,  the  field  poles  subtend  an  angle  of  135%  apon  moving 
the  brushes  from  6^45'*  to  ^  =  67^  the  area  of  the  effective  air-g^ip 
increases  though  the  held  ampcrc-turns  fall*  and  meanwhUe  the 
armature-turns  increase  ;  thus  the  total  Ik  Id  over  this  range  will 
remain  nearly  constant  so  that  the  torque  (which  depends  upon  Ibc 
average  air*gap  ilux  density  and  the  number  of  conductors  carfyii^ 
current  immersed  therein)  will  not  sensibly  increa^sc,  but  the  bide 
E.M.F.  (which  depends  on  the  total  field  flux  and  the  immber  of 
armature  active  conductors)  will  increase  for  a  given  speed*  Ovu 
this  range,  then,  the  motor  acts  as  a  shunt-motor  with  a  vanabte 
resistance  in  its  armature  circuit.  Outside  this  range  it  behaves  ^ 
described  above* 

It  must  not  be  forgotten  that  such  a  motor  will  need  a  brger  com- 
mutator and  smaller  reactance  voltage  than  the  ordinary'  scries  motor, 
and  this  fact,  together  with  the  characteristics  already  given,  combine 
to  show  that  only  in  special  cases  will  it  be  of  commercial  value* 

These  cases  are  such  as  would  necessitate  a  machine  having  cx» 
tremely  small  external  dimensions  with  no  room  for  series  rheostat  or 
similar  means  of  control,  and  an  cKampk  is  the  small  electric  runabout. 
Even  here  its  use  is  a  little  doubtful,  because  with  celK  variable 
voltage  control  can  be  so  easily  and  cheaply  arranged.  Iod«rtfd,  for 
small  motors  it  is  hard,  in  my  opinion,  to  beat  Fig,  3  U       But  very 
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long  motors  of  very  small  diameter  might  be  better,  if  arranged 
without  field  coils^  for  exnmpie,  tube  cleaner  motors^  etc, 

Altermiiors. — In  approaching  the  question  of  leakage  In  alternators, 
I  wish  it  to  be  understood  from  the  outset  that  1  intend  to  confine 
m^'self  almost  entirely  to  useful  leakagej  or  rather,  to  showing  how 
use  may  be  made  of  tliat  leakage  which  mnst  exist. 

Already  to  some  extent  this  has  been  done,  as,  for  instance,  in  the 
case  of  the  constant-current  alternator  ;  which  is  so  constructed  that 
beyond  certain  points  every  tendency  of  the  current  to  increase  is 
checked  by  that  increase  itself  producing  (through  leakage  flux)  a 
voltage  in  the  armature-turns*  Now,  in  ordinary  alternators,  the 
leakage  which  exists  Is  of  two  kinds,  namely,  field  leakage  and  armature 
leakage.  To  the  former  every  word  that  has  been  said  as  to  the 
advantage  of  obviating  leakage  in  continuous-current  fields  strictly 
applies.  The  latter  sets  up  what  is  called  armature  reactancej  and 
except  in  such  special  cases  as  the  constant -current  machine  above 
referred  to,  must  be  reduced  as  far  as  possible.  In  setting  on  I  to 
to  calculate  the  rcaclance  of  alternator  armatures,  recourse  may  be  had 
the  formula  given  in  the  Eiedriciatt^  voL  S3,  p.  1029,  1904,  which  not  only 
gives  good  results,  but  shows  clearly  what  points  should  receive  atten- 
tion if  the  leakage  is  to  be  reduced  to  the  minimum.  \Vhen<  however, 
we  come  to  make  use  of  it  for  calculating  the  armature  debils  of  a 
machine  to  give  (let  us  say)  constant  current,  it  is  found  wanting  since 
it  only  applies  to  ordinary  slot  proportions.  It  is  always  found 
difficult  to  calculate  exactly  the  proper  proportions  of  slot  to  gtve  a 
certain  reactance,  and  this  is  partly  due  to  the  fact  that  the  exact  effect 
of  the  resultant  lagging  armature  current  upon  the  field  cannot  always 
be  predicted,  espectaliy  in  the  case  of  single-phase  machines. 

A  distinction  has  been  drawn  above  between  field  leakage  and 
armature  leakage,  but  in  practice  these  two  are  very  hard  to  separate. 
As  load  comes  on  a  sjngle-phasc  alternator,  armature  reactance 
causes  a  fall  in  pressure  at  the  alternator  terminals*  but  it  also 
causes  the  cyclic  variation  of  armature  current  to  lag  in  time,  so 
that  the  relative  position  of  armature  and  field  corresponding  to  maxi- 
mum current  is  changed ;  with  the  result  that  weakening  of  the  field 
takes  place,  which  causes  a  further  drop  in  the  armature  P.D.  Thus 
the  action  of  a  con  slant -current  alternator  may  be  just  as  much  due 
to  distortion  and  destruction  of  the  main  field  as  to  armature  react- 
ance ;  but  since  the  path  of  a  continuous  magnetic  field  ts  a  more 
easy  matter  to  deal  with  in  calculation  than  armature  reactance,  I 
think  a  better  con  slant -current  machine  may  be  designed  by  pro- 
viding a  definite  bye-pass  (so  to  speak)  for  the  field  flux,  than  by 
attempting  to  provide  leakage  paths  for  the  armature  flux. 

I  suggest,  therefore,  that  armature  reactance  should  in  every  case 
be  kept  as  small  as  possible,  while  reactance  of  the  armature  upon  the 
field  should  be  allowed  to  cause  the  latter  to  leak,  and  thus  produce 
I  be  constant-current  effect. 

As  I  shall  show  presently,  the  same  idea  may  be  adopted  to  cause 
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the  alternator  to  he  self -compounding,  i.Ct  it  may  be  used  either  to 
cause  an  excessive  fall  in  voUs,  or  to  keep  them  constant,  or  to  c^nse 
them  to  rise.  These  principles  I  first  made  use  of  in  attenuators 
designed  in  1904,  and  from  that  date  to  this  I  have  sent  out  msmf 
successful  machines  constructed  upon  thene  Unc^. 

I  call  attention  to  this  fact  because  it  appearii  that  only  iu  IQ06  Mr. 
Alexander  Heyland  -^^  has  rediscovered  and  made  use  of  the  same  idea, 
The  method  which  I  employ  is  specially  applicable  to  alternators  of  tbe 
inductor  type^  and  may  be  explained  as  follows :  Fig.  10  is  a  section 


Fig.  10. 

tbrough  a  special  inductor  alternator,  R  is  the  stator  or  stationarTT 
armature  forming  also  part  of  the  magnetic  circuit.  S  is  the  rotor, 
and  would  carry  normally  the  rotating  inductors  to  produce  the 
necessary  variation^^  of  flux.  A^,  A^,  A,,  are  air-gaps,  and  it  is  evident 
that  if  F  is  tlic  only  coil  producing  the  magnetic  field,  then  A,  and 
A3  are  magnetically  in  series,  as  also  are  A,^  Aj^  whilst  A,  and  A,  arc 
magnetically  in  parallel  with  respect  lo  A,. 

Suppose  now  that  the  armature  coils  are  wound  upon  the  stator  at 

•  Ei^ktmi^htii^hi  Ztitschri/tt  voL  37,  J906,  p.  J, on  ;   EUi;trkiifu^  vol   3*,  ige<v 
p.  43. 
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A-,,  while  the  other  two  air-gaps  remain  an  simple  smooth-bore  flux 
p;iths.  If  F  be  excited  by  a  constant  current  the  coils  A,  will  generate 
a  certain  open  circuit  E.NLF.  when  R  rotates  at  a  certain  speed,  de- 
pending upon  the  relative  areas  of  A^  and  A^.  Directly  any  current  is 
taken  from  the  coils  at  A^,  armature  reaction  is  set  up  which 
immediately  increases  the  reluctance  of  the  path  of  the  field  flux 
through  Afl,  In  consequence,  more  of  this  tiux  tends  to  leak  by 
Ap  producing  thereby  a  very  large  fall  of  voltage,  which  will  tend  to 
keep  the  current  at  A,  constant.  This  is  particularly  the  case  if  the  air- 
gap  at  A,  be  small  and  the  density  high  with  respect  to  A^ ;  so  that  by 
carefully  adjusting  the  areas  of  the  ^aps  and  the  densities^  an 
alternator  may  be  so  constructed  that  a  very  small  change  of  current, 
through  the  coils  at  A,  only  takes  place,  even  if  the  resistance  in 
circuit  with  these  coits  is  changed  from  a  large  value  to  short  circuit. 
Similarly  if  the  armature  coils  be  placed  at  A^,  a  still  more  pronounced 
effect  is  obtained.  Complete  regulation  and  control  of  this  effect  h 
obtained  if  a  second  field  coil  be  placed  in  the  recess  between  A,  and 
A  J  and  connected  in  parallel  vvith  F.  A  resistance  and  reversing  switch 
tn  series  with  this  second  coil  will  enable  all  the  changes  to  be  pro- 
duced from  an  alternator  having  practically  a  constant  current 
characteristic  to  an  alternator  having  the  characteristic  of  a  machine 
intended  for  ordinary  constant  potential  supply.  If  the  two  field  coiU 
arc  adjusted  so  that  both  tend  to  make  A„  A3  the  path  of  their  fluXt 
the  effect  of  the  second  field  coil  is  equivalent  to  a  great  reduction  of 
the  reluctance  at  A^^  while  when  the  two  are  in  opposition  they  both 
send  their  flux  through  A^,  and  tend  to  prevent  any  possibility  of  leak* 
age.  Thus  in  either  case  the  armature  at  A^  may  be  Wound  as  if  for 
constant  potential.  It  will  be  seen  that  since  the  reluctance  of  each 
circuit  is  nearly  inversely  proportional  to  the  areas  of  the  respective 
gaps,  the  calculation  for  any  particular  characteristic  is  extremely 
simple  compared  with  that  required  for  the  ordinary  constant-current 
alternator  ;  and,  further,  ample  adjustment  for  errors  in  calculation 
may  easily  tie  provided  by  means  of  the  second  field  coil  above 
referred  to. 

In  applying  these  principles  to  obtain  a  machine  which  shall  with 
varying  currents  give  constant  potential  difference,  we  should  have 
to  provide  at  A^  a  steadily  increasing  magnetomotive  force  of  such 
sense  that  it  would  oppose  the  leakage  from  F,  This  is  equivalent  to 
compounding  in  the  ordinar}"  way,  and  by  consequence  involves  a 
continuous  current  increasing  with  the  load.  In  order  to  compass 
this  and  also  to  make  use  of  the  air-gap  A3,  I  have  placed  on  the  rotor 
at  Aj  a  continuous-current  armature  and  commutator,  and  have  broken 
up  Aj  into  salient  poles. 

If  the  brushes  on  the  commutator  are  connected  through  suitable 
rheostats  to  the  field  coil  F,  we  at  once  have  a  machine  which  is  self- 
exciting*  Not  only  this,  but  the  increase  of  alternating  current  at  4t 
by  tending  to  increase  the  reluctance  of  that  path,  tends  also  to  shunt 
more  fiujt  Ptd  Ay  whereby  the  voltage  at  the  commutator  is  increased 
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and  with  it  the  exciting  current,  so  that  the  voltage  at  A,  returns  to  its 
original  value.     In  this  way  the  machine  becomes  both  sclf-excHsfig  2nd 
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factcr  of  the  A;C.  circuit  he  reduced^  the  armature  reaction  at  A^  is 
increased,  vv*hich  normally  causes  a  fall  of  P*D-,  but  in  this  case  it  auto- 
matically compounds  itself  by  increasing  the  uxcitirig  current*  More- 
over, the  machine  may  actually  be  made  so  t!iat  it  over  compounds, 
the  question  of  the  amount  of  compounding  depending  simply  upon 
the  saturation  of  the  iron  path^  at  Aj  relatively  to  those  of  A^. 

Fig.  1 1  shows  a  section  through  an  actual  machine  constructed  upon 
these  principles. 

It  should  be  pointed  out  that  when  constant  current  is  required, 
instead  of  reducing  the  reluctance  at  A^,  Fig.  lo,  we  may,  if  we  please, 
increase  the  reluctance  at  A,-  Tliis  is  very  easily  carried  out  if  the 
exciter  armature  be  placed  at  A,,  for  then  any  increase  of  current  at  A, 
increases  the  rehictance  of  the  whole  magnetic  circuit  sufTiciently  to 
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drop  perceptibly  the  exciting  E,M,F,  In  this  case,  thcUi  the  air-gap 
Aj  is  not  required,  but  it  may  be  of  use  in  order  to  give  (by  allowing 
a  second  field  coil  between  A^  and  A^)  a  better  magnetic  distri- 
bution at  A,. 

These  considerations  led  to  the  design  of  the  machine  depicted  in 
Fig,  12. 

Both  these  types  of  machine,  Figs,  ii  and  la,  have  lieen  made  by 
Messrs*  The  Crypto  Electrical  Company,  of  London  ;  Messrs.  Bertram 
Thomas,  of  Manchester ;  and  Messrs.  Brown-Boveri,  of  Baden,  and 
about  roo  arc  now  in  use. 

Some  curves  (Figs.  13,  14,  15,  16)  showing  how  the  double- coil  type 
behaves  are  given  here  ;  but  since  these  machines  were  intended  to  have 
a  large  fall  of  potential  upon  load  (that  is,  more  like  constant -current 
than  constant- potential  machines)^  the  exciting  armature  was  placed  at 
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A,,  and  the  principle  fieJd  coil  al  F,    Thus,  while  the  characteristic 

from  this  point  of  view  is  good,  the  magnetic  proportion*  are  wrong  if 
constant  potential  h  desired  :  so  that  the  curves  while  illustrating      , 
the  correctnciis  of  the  principle  do  not  give  at  all  a  fair  idea  as  to  ho«^| 
far  the  construction  is  practicable.    Nevertheless  the  curves,  Figs.  14^! 
and  16,  show  how  large  is  the  range  of  compensation,  and  it  would  be  a 
very  easy  matter  to  design  a  constant-potential  machine  to  give  still 
better  results.     When  these  machines  have  been  working  upon  a  I 
possessing  considerable  capacity,  I  have  seen  the  exciting  watts  as 
as  30  or  about  I  per  cent,  of  the  output*    It  will  be  observed  in  Fig,  1 1 
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that  the  exciter  armature  Jprms  rather  a  large  percentage  of  the  total 
machine.  This  is  partly  an  account  of  the  fact  that,  since  these 
machines  were  const rncted  ^o  give  a  falling  characteristic,  nearly  the 
whole  of  the  flux  passes  thi*^ugh  the  exciting  armature,  and  partly 
because  the  uxciting  armaturti  being  surrounded  by  poles  w^hicb 
all  of  one  polarity,  proportions  Rave  to  be  adopted  different  from  tho- 
which  are  customary  in  ordinaiW  D,C.  machines.  In  criticising 
use  to  which  these  machines  mayNfce  put,  I  should  be  inclined  to 
that,  as  constant-current  machines  «lf  exciting,  the  si^c  of  the  exciter 
armature  would  limit  their  adoptionUo  comparatively  small  units  ;  but, 
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where  separate  excitation  is  ad  opted ,  there  is  no  limit  to  tbe  on  i  put  for 
whicti  they  arc  suitable. 

In  considering  in  the  same  way  the  constant^potential  type,  I 
should  be  inclined  to  think  thai  in  such  siztjs  as  wiU  entail  iess  than 
a  2  per  cent,  loss  for  excitation,  the  exciter  armature  and  its  magnetic 
circuit  would  be  too  small  properly  to  allow  of  the  regulation  being 
obtained.  This,  however,  needs  more  practical  dcnionstratton.  I 
should  like  to  point  out  that  the  s^f//- exciting  constant-potential 
characteristic  which  corresponds  very  nearly  to  that  of  a  shunt  D.C, 
machine,  is  obtained  by  having  two  armatures  magnetically  in  parallel ; 
while  the  constant-current  characteristic,  which  corresponds  to  the 
series  D*C*  machine  on  heavy  loads,  is  obtained   by  means  of  two 
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Fig.  14,— Voltage  Compensation. 

armatures  magnetically  in  series.  This  is  a  good  example  of  the 
converse  of  the  axiom  which  I  put  forward  in  the  Ekcirkal  Review, 
vol.  58,  1906,  p»  668,  which  ran  as  follows : — 

'^  Two  or  more  electric  circuits  excited  by  being  placed  mag- 
neticaUy  in  scries  (that  is,  as  secondaries  upon  the  same  limb  of  a 
constant  ^potential  transformer)  behav^e  as  electric  circuits  in  parallel  j 
and  similarly  two  or  more  electric  circuits  excited  by  being  placed 
magnetically  in  parallel,  behave  almost  as  electric  circuits  in  series." 

One  use  further  may  be  sugge?ited  for  machines  of  this  type,  1.^.,  as  a 
new  form  of  motor  convaier.  If  the  alternator  armature  of  the  macJiine 
shown  in  Fig.  12  be  Supplied  with  an  alternating  current  while  the  rotor 
is  run  up  to  speedj  the  machine  will  run  as  a  synchronous  motor  because 
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the  D.C.  armature  will  excite  and  set  up  a  field  current  When  in  syn- 
chronism, increase  of  load  will  tend  to  strengthen  the  field  magnetism  by 
reducing  the  reluctance  upon  the  synchronous  motor  side,  so  that  the 
machine  will  automatically  compound  for  fall  of  voltage  upon  the  D.C. 
side.  Thus  we  have  a  motor  converter  with  its  D.C.  voltage  com- 
pletely under  control  and  tending  automatically  to  compound,  while 
economy  and  efficiency  are  obtained  by  the  use  of  one  field  coil  for  the 
two  armatures. 

A  Itema  ting-Cu rrcn t  Motors, 

In  alternating-current  motors  the  great  importance  of  the  dispersion 
or  leakage  factor  in  determining  the  characteristics  of  the  various 

1-6 
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«« 
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Angle  of  Lag. 
Fig.  15. — Voltage  Compensation. 

motors  as  exemplified  in  the  semicircle  diagram,  has  led  to  a  great 
deal  of  practical  research,  most  of  which  was  brought  together  at 
the  historic  meeting  of  this  Institution  in  London  when  Dr.  Behn- 
Eschenburg  read  his  paper  upon  the  subject.  Since  that  date,  how- 
ever, the  great  advance  which  has  been  made  in  the  direction  of 
alternate-current  commutator  motors  necessitates  the  division  of  the 
subject  here  into  (i)  motors  without  salient  poles,  and  (2)  motors  with 
salient  poles.  To  the  former  class  belong  all  induction  motors  and, 
indeed,  all  those  motors  which  depend  upon  a  rotating  field  for  their 
performance,  among  which  must  be  reckoned  the  ordinary  repulsion 
motor  with  its  various  modifications.  The  results  in  the  paper  referred 
to  give  for  the  most  part  an  excellent  approximation  for  the  designer's 
-'uide  in  estimating  the  leakage  factor,  and  it  is  only  necessary  for  me 
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here  to  draw  attention  to  one  or  two  points  which  appear  to  some 
extent  to  have  been  overlooked. 

The  first  of  these  is  the  fact  that  no  distinction  is  drawn  in  the 
paper  between  ordinary  and  hemitropic  windings.  Now,  since  the 
theoretical  short-circuit  current  (in  Fig.  i,  O  B)  is  the  terminal  voltage 
divided  by  the  calculated  reactance  of  the  windings,  whilst  the 
theoretical  no-load  current  (in  Fig  i,  O  A*)  is  the  calculated  magnetising 
current,  it  follows  that  the  latter  is  the  same  whether  ordinary  or 
hemitropic  windings  are  used,  while  the  former  is  smaller  with  the 
hemitropic  winding  than  with  the  ordinary  winding.  This  is  easily 
proved  as  follows :  If  /  be  the  number  of  C.G.S.  leakage  lines 
produced  by  unit  (C.G.S.)  current  in  one  turn  of  a  coil,  and  /  be  the 
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number  of  turns  in  the  coil,  then  the  coefficient  of  self-induction  for 
that  coil  is — 


L  (henries)  =  — ^ , 
^  ^         lO^ 


thus  the  reactance  per  coil — 


t^f 


=:  2  T  X  Oj  X  -^  ohms. 

IO'> 

In  a  hemitropic  winding  we  have  C  coils  in  scries  per  phase  and  /  turns 
per  coil,  so  that  reactance  per  phase  (hemitropic)— 


ff 

=  2  T  X   <^J  X        '^  X  C 
lO' 


(I) 
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I»  an  ordtiiafy  wiadiiig  we  bavc  two  C  oqtk  to  series  per  pt»ae 
and  -  turns  p^  coil — 

R^ctance  per  pha^  (ordinary) — 

^2r  X  r\J  X   ^  X  2  C  .     (!) 

4  ^^ 

and  obviously  (t)  is  twice  (2), 

In  practice  the  hemitropic  winding  is  not  found  to  have  a  reactance 
eqtiat  to  twice  that  of  an  ordiciary  winding,  probably  because  the  alK^vc 
calcubtion  assumes  that  in  each  case  the  leakage  lines  of  each  coil  o^j 
link  with  the  turns  of  that  coil,  which  is  most  unlikely;  and  also 
because  the  fraction  of  btator  face  devoted  to  the  wireis  of  one  side  of 
a  coil  is  usually  greater  in  the  hemitropic  form.  But  there  is  in  prac- 
tice a  difference*  though  it  h  not  so  great  as  2 :  i ;  and  this  is  almoft 
certain  to  be  the  case^  because  the  inductance  of  the  end  coonecticms 
of  a  hemitropic  winding  is  twice  as  great  as  tlie  inductance  of  the  eod 
connections  of  an  ordinary  winding,  and  also  because  fewer  slots  ait 
used  in  the  hemitropic  case*  In  my  opinion  tlie  difference  betweeii 
hemitropic  and  ordinary  reactance  per  phase  is  in  the  proportion  of 
about  5:4. 

Another  point  to  which  I  wish  to  draw  attention  is  the  discrcpimcy 
in  Dr.  Behn-Escheuburg's  formula  pointed  out  by  Professor  S,  P. 
Thompson,  i.e*,  the  fact  that  in  the  second  term  the  factor  which  take$ 
into  consideration  tlie  bridge  of  the  slot  has  been  omitted ,  so  that 
instead  of — 

N»  ^  X  N  1  +    t 
we  have — 

where— 

N  =-    Mean  value  of  slots  per  pole  in  rotor  and  stator. 
A=     Air-gap  length  in  mm. 
h  s=     Gross  axial  core  length  in  mm* 

(  Mean  edge  thickness  of  tooth  for  Open  slots  y 

__  \  =Mean  of  edge  thickness  of  slator  teeth  and  of  thick-  f  . 
^^j         ness  of  thinnest  part  of  iron  bridge  over  rotor  slots  f"" ™*^' 
I         when  closed.  J 

i  Average  slot  opening  for  open  slots  in  rotor  and  stator     * 
= Average    of   slot  opening  in    stator    and    length    of/ 
thinnest  portion  of  iron  bridge  over  closed  rotor  r*""*™' 
slots*  I 

T=     Pole    pitch  measured  upon  stator  face    reduced    by  (X  x  N) 
in  mm. 
This  change  renders  the  formula  a  simple  numeric  {L€,,  withoui 
dimensions)  and  results  in  a  better  approximation  for  the  value  of  P, 
A  third  point  omitted  by  Dr.  BehivEschenburg  is  the  effect  ol 
**  squirrel  cage"  against  "  wound  *'  rotors*    Naturally  for  the  former  r 
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will  be  Ics^  than  for  the  latteri  and  this  change  is,  I  think,  about  in  the 
proportion  of  0*9 :  i* 

The  following  arc   some    calculations   which    show   the    sort    of 
approximation  obtained  with  this  expression  : — 

Table  VI I  L 
Values  of  v  is  I\*ductiok  Motors. 


Motor  Number. 

I 

1 

3 

4 

Maker 

blectrical  Co. 

Oerlikon 

Brown  Bovcri 

Siemens  Bros. 

Phases 

3 

3 

2 

3 

Output 

5  H.P. 

5 

2 

5 

Poles... 

4 

4 

6 

6 

Speed- (sync*) 

1*500 

^500 

5,000 

1,000 

Type  winding  . 

Star 
he  mi  tropic 

8»ar 
hemiLropic 

1    Ordinary    | 

Star  or  i 
ordinary 

^  ru 

so 

50 

100 

50 

'  i>  calculated  ... 

00563 

0048 

0"08? 

0071 

1  V  from  test    .  * . 

0054 

Wonnrl     J 

oo+S 
Wound 

0077         1 

1 

0067 

Rotor,,. 

but  short- 

r  Squirrel-<^e 
J 

Wound 

1 

circuited 

No  allowance  has  been  made  for  he  mi  tropic  windings  or  squirrel* 
cage  rotors  m  tlie  above^  and  my  belief  is  that  for  hemi tropic  windings 
and  wound  rotors  the  formula  is  right.  For  ordinary  windings  it  must 
be  multiplied  by  0*9,  and  for  squirrel-cage  rotors  by  q\). 

These  results  on  four  motors  chosen  at  random  show  that  there  is 
little  fault  to  find  with  the  calculation  of  v  by  Dr.  Behn-Eschenburg*s 
formula,  and  when  t!ie  value  of  the  leakage  factor  in  such  machines  as 
those  given  above  is  compared  with  that  of  similar  sized  contimjous- 
current  motors,  one  is  struck  with  llic  effect  which  a  small  air-gap  and 
a  coil  close  to  the  armature  have  upon  the  machine. 

The  s-H.F.  motor  in  column  1  has  a  leakage  factor  1*054 j  whilst  the 
5-H.P.  D.C.  motor  we  were  considering  at  the  beginning  of  this  paper 
has  a  leakage  factor  as  large  as  r35. 

Well  may  induction  motors  be  smaller  than  continuous-cm^rcnt 
machines  ! 

Having  thus  shown  that  Utile  improvement  is  to  be  looked  for  in 
the  calculation  of  the  leakage  factor  of  rotating  field  motors,  I  pass  on 
to  the  machines  with  salient  poles*  That  the  principles  laid  down  as 
affecting  continuous  field  design  are  much  better  recognised  in  the 
world  of  alternating  currents  is  sufificiently  apparent.  Nearly  all  salient 
pole  A.C.  motors  are  fitted  with  field  coils  spreading  almost  over  the 
pole  pitch  and  the  pole  is  kept  short,  while  neutralising  windings  are 
used  to  reduce  the  armature  leakage.  These  devices  (on  account  of 
the  mischievous  effect  of  maguetic  leakage  in  A*C.  work)  have  had  to 
be  adopted  by  A.C.  designers^  and  those  engaged  in  the  design  of  con- 
tinuous-current machines  would  do  well  to  profit  by  them.     Harmful 
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Iciikagt>  in  i^ialient  pole  aUcrrjating-cyrrt^nt  motors  la  rucluccd  to  a 
minimQm.  Useful  leakage,  on  the  other  hand,  ha^  nevtrr  been  made 
much  of.  In  the  starting  up  of  singk-phase  motors  it  has  been  utOise^ 
as  also  it  is  the  principle  really  involved  in  the  repulsion  motor.  I  wisli 
to  show  that  it  can  be  quite  as  well  employed  in  that  modi fi cation  of 
the  scries  motor  which  I  tirst  i>yggested  at  a  meeting  of  this  Institution 
about  twelve  months  ago.  It  will  be  remembered  that  after  that 
meeting  my  suggestion  was  much  criticised  In  ihc  electrical  press: 
statements  being  made  to  the  effect  that  such  a  motor  would  have  low- 
powder  factor,  practically  no  torquCi  low  efificicficy,  not  really  a  scries 
characteristic^  etc. 

It  was  my  original  intention  not  only  to  give  a  full  theoretical 
explanation,  but  also  to  show  a  full  practical  test  of  such  a  motor,  but, 
unfortunately^  owing  to  the  fact  that  the  makers  delivered  the  machine 


Fig*  17. 

a  month  late  and  with  a  serious  short  on  it  my  test  must  be  delayed  for 
a  few  weeks.  In  the  meantime  1  give  the  theoretical  ligurcs  and 
advantages  ;  which  is  moi^t  easily  done  by  commencing  with  the  scnti- 
circle  diagram  for  a  series  motor. 

When  the  armature  is  locked,  a  plain  series  motor  behaves  exactly  a^ 
a  choking  coil,  ix.,  if  in  Fig.  ly  O  A  represents  the  locked  current"  for 
full  terminal  P  D,  then  it  also  represents  to  a  voltage  scale  the  reactance 
drop  in  the  motor,  and  A  B  at  right  angles  to  O  A  represents  the  resist- 
ance dropp  O  B  is  therefore  the  voltage  to  drive  the  current  O  A  again^ 
the  motor  impedance,  that  is,  the  full  motor  F  D  ;  whilst  O  B  A  is  the 
angle  of  lag  of  the  machine  current  behind  the  apphed  P  D,  Releasing 
the  armature  and  allowing  it  to  run  (still  keeping  the  terminal  P  D  con- 
stant) we  have  an  E^M.F.  set  up  in  the  armature  windings  practicaUy 
in  phase  with  the  main  tield  llux,  but,  like  the  resistance  drop,  opposing 
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the  arnmturc  cunciiL.  Thb  ha^  the  effect  of  reducing  the  current  O  A 
through  thL»  uddilion  of  an  K.M»F»  in  phase  with  the  armature-re^t- 
ance  drop  B  A,  Thus  B  A  is  increased  to  BC,  and  BCO  still  remain- 
ing a  riglit  angle,  the  current  hnv  O  A  lias  for  its  locus  a  semicircle 
upon  O  B  as  base. 

Reduction  of  OA  to  OCj  of  course,  proportionaUy  reduces  the 
resJHtancc  drop,  so  that  A  moves  on  the  semicircle  A  D  B^  whilst  C 
traverses  tlie  semicircle  B  C  O.  Thus  for  any  position  C»  to  the  current 
scale  { tixi.d  by  O  A  us  short-circuit  current  A  B  O  as  angle  of  lag  given 
by  the  wattmeter) — 

O  C  =-  current  taken. 

To  the  toliagc  scale  (fixed  by  0  B  ^  full  terminaJ  volts) — 

O  C  =  motor^reactance  drop, 
B  D  ^  motor- resistance  drop^ 
CD  =  backE,M.F. 


Also  since  outputs  back  E.M.F.  x  current,  it  is^CD  x  CO,  or 
proportional  to  the  height  of  the  perpendicular  from  C  upon  OD^  ht,^ 
to  C  F. 

The  torque  is  proportional  to  0  C\ 

Now  the  above  diagram  has  to  be  modified  in  practice  to  take 
account  of  saturation  and  iron  losses,  but  it  is  near  enough  to  prove 
substantially  that  if— 

1.  The  resistance  voltage  be  low  (B  D),  and, 

2,  The  back  E.M.F.  be  high  (D  C)  compared  with  the  reactance 
drop  fCOl 

Then  the  motor  will  be  good  both  as  to  power  factor  and  efficiency. 

I  and  3  above  are  easily  attained  in  practice  by  well-known 
means.  Now  if  having  designed  an  ordinary  series  bipolar  motor 
such  as  that  shown  in  Fig.  i8,  I  apply  to  its  top  another  Umb  like 
Fig,  i8  a,  properly  wound,  and  attached  to  the  mains**  and  if  then  I 
join  the  free  end  of  the  present  field  to  the  free  brush,  J  shall  have  a 
motor  whose  main  and  leakage  magnetic  paths  are  in  parallel  ixaclly 
as  they  are  in  an  ordinary  induction  motor;  with  these  ditterences  : 
(i)  that  in  an  ordinary  induction  motor  the  torque  h  produced  by  the 
main  field  and  the  rotor  currenl,  while  here  it  is  by  leakage  field  and 
rotor  current ;  and  {2)  that  in  an  ordinary  induction  motor  all  the 
B.H.P.  has  to  cross  an  air-gap,  whilst  here  only  part  need  cross  it. 

These  two  points  are  well  brought  out  in  the  change  in  the  semi- 
circle diagram. 

The  new  primary  coil  will  have  a  very  small  resistance,  and 
consequently  at  constant  terminal  volts  the  flux  through  it  wiU  be 
practically  constant  and  the  magnetising  current  practically  constant 
also.  If  the  joints  in  the  circuit  be  good,  there  is  no  reason  why  the 
tnagnetising  current  should  be  large,  and  we  may  draw  it  as  OG, 
Fig.  17;  so  that  the  total  primary  current  is  now  OH  {=GC). 

Vol.  m,  89 
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The  flux  across  the  air-gap  will  now  be  slightly  increased,  but  also 
slightly  shifted  in  phase  away  from  O  C  towards  G  C,  and  so  the  torque 
still  remains  practically  oc  OO*. 


The  power  factor  is  changed  from  cos  C  B  O  to  cos  CO  E,  and  the 
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factor  and  of  immensely  improving  the  commutation  by  altering  the 
number  of  armature  and  leakage  limb  turns  respectively*    The  armature 
of  self-induction  is  always  a  problem  in  H.T.  motors,  and  it  is  this 
problem  which  aSfects  both  power  factor  and  commutation. 
Now  the  self-induction  of  the  armature  depends  upon 

(the  armature  turns  per  pole)', 

thus  a  small  decrease  of  the  tarns  produces  a  large  change  in  the  co- 
efficient of  self-induction,  and  hence  also  a  large  change  in  power 
factor  and  commutation  conditions.  Qti  to  put  this  matter  in  another 
light,  these  motors  may  be  built  with  fewer  poles  than  ordinary  series 
motors  for  the  same  power  factor.  Of  course  there  is  no  difficulty 
about  multipolar  designs  for  this  type  of  machine. 

The  nearest  parallel  to  the  above  motor  in  use  at  the  present  day  is 
Ibe  repulsion  motor  represented  diagrammatically  in  Fig.  u>  In  tliis 
motor  the  short-circuited  armature  is  fed  through  induction  by  coils  A, 
wbife  coils  B  provide  the  field  flux.  A  and  B  are  placed  in  scries  across 
the  mains.  When  the  locked  test  is  applied  to  such  a  motor,  it  is  seen 
that  the  coil  A  is  relatively  non-inductive  compared  with  the  coil  B 
hence  a  phase  displacement  of  flux  takes  place,  setting  up  a  rotating 
field  somewhat  similar  to  the  starting  system  of  an  ordinary  single- 
phase  induction  motor ;  and  in  order  to  take  full  advantage  of  thiSt 
a  stator  without  salient  poles,  like  that  of  an  ordinary  induction  motor, 
must  tjc  provided. 

A  comparison  of  Figs.  i8  and  i8  «  reveals  the  fact  that  for  electrical 
circuits  in  series  magnetic  circuits  in  parallel  are  used,  which  is  an 
additional  confirmation  of  the  principle  just  laid  down  (page  575).  Also 
we  note  that  in  Fig,  19  not  only  has  a  flux  at  B  to  cross  the  air-gap,  but 
also  a  flux  at  A,  so  that  the  whole  energy  imparted  to  the  rotor  has  to 
cross  the  air-gap.  This  is  the  secret  of  the  low-power  factor  obtained 
with  repulsion  motors.  For  the  sake  of  clearness,  we  may  compare 
four  motors  with  similar  characteristics,  as  follows  : — 


^ 


Table  IX. 

Series  Matcir 
Simple. 

Serl«  Motor 

with 
TimufonTictii, 

Cramp 

Suitable  to  Voltage... 
Power  factor 

Commutation...         | 

Iron  weigh!  ... 
Copper  weigtit 
Easy  to  wind 

Low  only 

Good^ 

Depending 

on  voltage 

J 

I 

Very 

Any 
Ctood 

17s 
175 

Very 

Any 
Fair 

Only  good 

at  sync. 

11 

Any 

Good 
Very 
good 

1 


It  is  thus  seen  that  for  low  voltages  the  simple  series  motor  is  best^ 
while  for  high  voltages  my  motor  is  best ;  a  verdict  which  I  hope 
shortly  to  be  able  to  endorse  by  definite  tests. 


lil  CRAMP:  MAGNETIC  LEAKAGE  AND   ITS    [Mancbcssl^, 

I  have  now  shown,  I  thiakp  that  the  subject  of  magnetic  lealdige  n 
one  deserving  of  great  attention,  and  I  Irusi  that  the  ortginat  work  hen; 
set  out  may  prove  productive  of  much  more  on  the  ^ame  lines*  It  cdr 
remains  for  me  to  I  hank  those  who  have  helped  me  in  this  work  ;  fore- 
most among  these  stands  Mn  Garner^  whose  patience  and  capabllitr 
have  contributed  largely  to  whatever  of  interest:  the  paper  exhibits. 
My  thanks  are  also  due  to  Pnncipal  Reynolds,  the  Technical  School 
Committee,  and  the  Electrical  Department  of  the  School.  Also  to 
Messrs,  Wood  and  Browning,  students  of  the  School,  who  have 
willuigly  given  me  help  ;  and  to  Messrs  Henry  Simon^  Ltd..  who 
have  lent  me  the  machines  for  exhibition. 

DtSCUSSlOK, 

f  r,  Friik  Mr.  J.  Frith  :  The  author  begins  by  a  campaign  against  the  standaid 

shape  and  form  of  continuous- current  motors.  We  have  always  been 
u:bed  to  continuous-current  machinery  with  shaped  poles  and  a  yoke» 
and  we  are  told  that  the  machine  on  the  tab!e»  which  Is  like  four  hat* 
boxes,  is  a  very  good  form  of  continuous-current  machine,  I  must  say 
the  arguments  brought  forward  to  support  it  arc  all  very  good,  but  1 
do  not  like  the  look  of  it*  and  there  is  no  doubt  that  small  motors^  at 
any  rate,  are  sold  more  or  less  by  thctr  looks.  In  the  comparison 
of  costs  the  author  does  not  say  on  what  basis  the  copper  and  steel 
costs  are  worked  out.  Witli  the  metal  market  going  up  as  it  is,  one 
form  of  motor  may  be  the  cheapest  So-day  and  another  form  to-morrow. 
The  long  coils  do  not  appear  to  me  quite  the  right  thing*  The  next 
thing  in  the  paper  is  a  method  of  magnetising  from  the  armatiue 
That  opens  out  a  great  deal  of  very  interesting  work  I  wonder  some* 
thing  has  not  been  said  in  connection  with  the  continuous-cufieot 
dynamo  introduced  recently  in  this  country  for  train  lighting.  It  is  a 
very  good  example  indeed  of  that  class  of  machine.  The  machiDC 
mentioned  in  the  paper  has  a  double-wound  armature  ;  this,  instead 
of  having  to  use  another  winding  and  another  commutator,  has  twke 
as  many  pairs  of  brushes  as  poles.  A  two-pole  machine  would  have  two 
sets  of  brushes  with  one  set  short-circuitedj  and  in  that  way  the  one 
armature  carries  both  the  magnetising  and  the  main  current*  Th^ 
the  magnetising  current  in  one  half  of  the  armature  is  helped  by  the 
armature  current  in  the  other,  and  is  also  independent  of  that  currenti 
is  not  fully  explained.  We  are  given  a  set  of  phenomena  where  the 
effect  is  apparently  independent  of  the  cause »  and  I  am  sorry  that  in 
the  Table  IV.,  which  demonstrates  that  pointy  the  main  current  is  only 
given  between  the  limits  of  158  amperes  and  226  amperes.  I  should  like 
to  know  when  that  effect  begins ;  it  cannot  be  there  on  quite  open  circtnt 
because  there  would  not  be  then  any  main  current.  It  would  l>c  rather 
interesting  to  study  what  happens  between  the  time  when  this  b^m 
and  the  time  when  it  becomes  independent  of  its  cause.  The  author 
has  brought  out  another  interesting  question  as  to  what  is  really  the 
magnetising  power  of  a  current  in  an  armature,  Le.,  a  current  ^^bX  go^ 
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all  round  the  circular  armature  instead  of   being  wound  round  the   Mr.  Frith, 
fields.     The  curves  in  Fig.  8  are  not  entirely  concltisive*     There  is 
an  element  of  assumption  ajid  calculation  about  them,  but  certainly 

a  better  result  is  arrived  at  than  -  *    The  real  magnetising  value  of  a 

current  carried  by  an  armature  is  a  question  which  would  pay  for 
a  little  research.  Of  course  it  is  quite  plain  that  the  fact  that  the  mag- 
netising current  is  i helped  by  its  armature  current  is  only  true  when 
the  machine  is  being  used  as  a  motor.  Turning  to  the  section  on 
alternators :  an  exceedingly  interesting  form  of  inductor  alternator 
is  described,  which  can  be  used  both  for  constant  current  and  constant 
potential  I  am  sorry  that  it  is  an  inductor  alternator,  because  I  think 
that  form  of  alternator  is  pla3'ed  out,  and  it  is  rather  a  pity  that  such 
a  lot  of  ingenuity  is  more  or  less  wasted  by  its  connection  with  an 
inductor  alternator,  unless  perhaps  the  new  method  will  bring  the 
inductors  into  favour  again.  As  a  constant  current  machine  it  does 
not  interest  me  much.  It  is  very  easy  to  build  an  alternator  with  very 
nearly  constant  current.  The  interesting  point  is  when  the  same  con- 
struclion  is  used  to  make  a  constant  potential  alternator,  w^hich  is  quite 
another  thing.  1  think  it  is  a  very  ingenious  method  ivhich  makes  the 
stray  field  work  the  eKcitefj  and  the  author  has  passed  by  it  with  too 
much  modesty,  I  think  the  principle  of  making  the  armature  stray 
field  magnetise  the  exciter  is  a  very  pretty  one  indeed,  because  it  not 
only  compensates  for  the  amount  of  external  current,  but  also  for  its 
phase,  and  that  is  a  very  difficult  thin^  to  do  in  compound  alternators, 
but  the  method  in  question  very  ingeniously  uses  the  waste  field,  I  he 
thing  that  is  doing  most  of  the  harm,  to  get  over  that  difficulty. 
Coming  now  to  the  section  dealing  with  induction  motors,  we  are  all 
glad  to  hear  more  of  the  curious  '* Cramp"  motor.  The  limit  of  a 
series  motor  h  the  voltage  that  it  can  be  wound  for,  and  the  new 
motor  is  a  series  motor  with  its  own  transformer  on  the  top  of  it. 
Suppose  a  series  motor  with  its  transformer  were  put  in  a  ttox  we 
should  get  a  diagram  exactly  Ukc  that  shown  in  Fig*  17.  There 
would  be  the  magnetising  current  of  the  transformer  coming  in,  and 
it  would  be  absolutely  indistinguishable  from  the  motor  shown  on  the 
talkie. 

Dr.  C.  C.  Garrard  :  On  page  581  it  is  stated  that  the  advantage  of 
the  Cramp  motor  over  the  ordinary  induction  motor  is  that  only  a 
certain  proportion  of  the  B.H.F,  has  to  cross  the  air-gap.  I  cannot 
understand  that.  It  seems  to  me  the  energy  must  go  across  the 
air-gap,  just  the  same  as  in  other  motors, 

With  regard  to  Table  IIL,  the  author  shows  an  advantage  in  the 
cost  of  the  two  machines  of  about  4  per  cent.,  but  he  is  comparing 
a  5*k*w.  with  a  6-k.w*  machine.  If  machines  of  the  same  output  had 
been  compared,  the  advantage  as  regards  cost  per  k.w.  wouJd  be  the 
other  way, 

Mr.  C,  F.  Smith:   In  Table  IV.,  column  8  amounts  practically  Mr. smith. 
to  (he  fact  that  the  field  which  gives  the  voltage  measured  at  the 


Dr. 

G  arrant. 


see  CRAMP  I  MAGNETIC  LEAKAGE  AND  ITS    [Mandicsttr 

Ir.Smtth.  high -tension  terminals  l^  practically  constant^  tio  matter  what  the 
low -tension  current  supplied  to  the  armature  to  nm  it  as  a  motor 
The  low  tension  ampere  turns  appear  to  be  without  any  effect  on  iht 
flux  which  produces  the  voltage  at  the  high -tension  terminals,  although 
the  flux  is  really  produced  by  the  low4enston  amperc-tums.  The 
author  states  that  he  is  not  satis6ed  as  to  the  explanation  of  this 
apparently  contradictory  result.  As  helping  towards  a  possible  tx- 
planation,  it  may  be  worth  pointing  out  that  the  back  voltage  at  tbe 
low-tension  terminals  does  not  increase  in  the  same  proportion  as  the 
speed,  which  is  evident  by  comparing  column  g  with  column  i. 
Supposing  that  the  flux  producing  the  low4ension  voltage  remained 
constant,  the  voltitge  at  the  low-tension  terminals  would  increase  m 
the  same  proportion  as  the  speed  of  the  motor^  wliich  is  an  increase 
of  practicaUy  i  to  iO|  whereas  the  actual  increase  is  only  In  the  ratio  d 
I  to  674  instead  of  i  to  10,  so  that  the  flux  produced  by  the  canstant 
excitation  applied  through  the  high-tension  brushes  appears  Id 
diminish  to  the  fraction  0*67  of  its  original  value  as  the  speed 
increases  through  the  range  shown  in  the  tabic.  That  means  that 
al  the  highest  speed  the  apparent  flux  producing  the  low-ieosion 
volts  is  only  0*67  of  the  flux  which  exists  at  the  lowest  of  the  spe^is. 
Supposing  that  the  high*tension  flux  increased  in  the  i&ame  proportion 
as  the  ampere- turns  supplied  to  the  low-tension  brushes,  the  flujc  would 
increase  in  the  proportion  of  158  ampere*turns  to  226  atnpere-tuniSf 
since  the  flux  may  be  supposed  to  increase  in  the  same  proportion  as 
the  current  producing  the  flux.  If  the  effect  of  leakage  which  the 
armature  current  seems  to  induce  is  the  same  on  the  circuit  bctwcoi 
the  high-tension  brushes  as  it  is  on  the  circuit  between  the  low-tension 
brushes,  the  effectiveness  of  the  actual  flux  will  be  reduced  as  before 
by  the  fraction  0'67,  By  actual  multiplication  it  appears  that  if  wc 
multiply  0*67,  the  apparent  diminution  of  the  flux  on  the  luw-tenston 
brushes,  by  the  ratio  of  the  currents  226/158,  the  value  of 

226         . 
^-gXo67  =  ro, 

obtained  will  t>e  seen  to  be  the  actual  ratio  between  the  flux  for  iht^ 
low  speed  and  the  flux  for  the  high  speed,  making  the  flux  an  ap- 
parently constant  quantity  for  the  machine  used.  It  would  thus  be 
to  some  extent  an  explanation  to  say  that  the  leakage  effect  produced 
by  the  increased  armature  current  acts  on  the  circuit  l>etwcen  Ibe 
high-tension  brushes  in  exactly  the  same  way  as  it  acts  on  the  dt^mi 
between  the  low-tension  brusheSj  and  would  account  for  the  fact  tbat 
the  field  appears  to  remain  constant.  Possibly  the  action  may  be 
found  to  be  something  in  the  nature  of  a  general  change  of  the  aads  ol 
the  total  field. 

Dr.  F,  H.  Bowman  :  We  all  know  how  the  tendency  is  to  distribuU 

power  in  small  units^  and  for  tliat  purpose  we  require  small  motorii 

which,  as  we  know,  have  been  very  inefficient.     I  am  not  particultf 

.  aljout  the  shape,  and  when  I  saw  the  motor  on  the  table  I  thought  m 
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had  something  new,  I  am  glad  to  sec  that  by  the  alteration  to  the 
form,  and  putting  the  coils  inside  instead  of  outside,  and  doing  away 
with  the  yokeSi  we  get  a  machine  that  gives  a  larger  output  for  the 
same  si^Cj  and  is  apparently  more  economical.  But  when  I  see  that 
there  was  52s,  worth  of  copper  instead  of  36s-,  and  I  know  the  price  of 
copper,  I  think  it  will  have  to  be  deferred  until  another  time^  There  is 
one  thing  which  strikes  me  in  the  opening  pages*  The  author  divides 
the  leakage  into  that  which  opposes  the  attainment  of  the  ideal  charac- 
teristic at  which  a  designer  aims  in  any  particular  machine,  and  that 
which  assists  the  designer  to  attain  the  end  at  which  he  aims*  I  think 
that  is  exactly  the  way  in  which  the  biologist  talks  about  microbes ; 
some  are  inimical  to  life  and  some  advantageous,  and  the  author  seems 
to  he  doing  in  his  apparatus  exactly  what  they  profess  to  do  in 
medicine;  while  he  cannot  decrease  the  quantity  of  the  inimical 
microbes,  he  increases  the  quantity  of  those  that  are  amiable  to 
utilise  them  to  advantage, 

Mr*  H,  W.  Wilson  :  In  Figs.  3  and  4  there  are  very  pretty 
illustrations  of  maehjnes  which  the  author  considers  would  have  a 
very  much  better  leakage  coefficient  than  the  ordinary  standard  motor 
wc  are  generally  acquainted  with.  I  have  seen  one  or  two  machines 
built  after  that  plan  ;  there  was  one  designed  for  motor*car  wrork, 
which  was  like  Fig.  4.  He  does  not  claim  that  those  machines  have 
a  higher  efificiency  than  the  ordinary  motor^  but  only  that  they 
would  be  more  economical  to  construct,  and  that  they  would  be  of 
smaller  size  and  weight  for  any  given  output.  On  that  basis  I  do 
not  think  that  the  increase  of  eSiciency  that  Dr.  Bowman  is  hoping 
for  is  very  probable.  The  author  states  that  his  new  machine  will 
have  a  cylindrical  cooling  surface  distinctly  larger  than  that  of  the 
ordinary  motor  ;  but  my  experience  of  those  machines  where  the  held 
magnet  coils  are  brqught  down  close  to  the  armature  is  that  tbey  have 
a  very  greatly  increased  temperature  rise  as  a  rule,  Mr.  Cramp  speaks 
rather  disparagingly  of  the  Lundell  motor,  and  my  opinion  about  the 
Lundell  motor  is  that  it  has  missed  its  vocation,  and  is  meant  for  a 
piece  of  heating  apparatus,  and  not  for  a  motor.  Some  of  the  designs 
present  would  also  have  the  same  effect,  because  the  machines  do  not 
appear  to  be  as  well  ventilated  as  the  ordinary  small  motor,  and  1  think 
it  will  be  necessary  to  build  machines  and  carefully  test  them  to  find 
out  whether  there  would  he  any  advantage.  Theoretically^  it  ought  to 
be  possible  to  reduce  the  dimensions ;  practically,  I  doubt  whether  it 
can  be  done  very  materially.  In  another  part  of  the  paper,  where 
the  author  speaks  about  the  possibility  of  doing  away  with  windings 
on  the  field  magnet  circuit  altogether,  and  having  the  magnetic 
winding  and  the  ai-malure  winding  both  on  the  armature,  I  gather 
in  one  place  that  he  seems  to  have  abolished  armature  reaction 
altogether,  or  rather  diat  the  armature  reaction  keeps  constant  at  all 
loads.  1  should  like  to  know  if  he  can  give  any  explanation  of  that. 
Like    Mr,    Frith,   1   am   anxious   to   know   what    cur\'e    D   in    Fig.   8 

ns,     Mr,  Cramp  said  that  the  machine  on  the  table  is  a  purely 
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experimenta]  one,  and  that  the  shape  of  llic  ooil  as  shovn  in  t&e 
fiiachtnc  on  the  tabie  does  not  represent  anytiuiig  definite,  but  I 
muU  confess  that  I  am  still  in  the  dark  as  to  irti:it  the  coil  is  for.  I 
can  see  that  it  has  a  !iort  of  transfomier  action-  1  sbonld  also  t%  |M 
to  bnow  whether  that  machine  can  be  bintt  other  than  ms  a  b&pohr 
machine, 

Mr,  R,  GoLDSCHUiDT  :  The  author  gii^s  the  coefficients  ol  tealia^ 
of  the  machines  shown  in  Figs.  3  and  4  as  i''4  and  i*t  respeetivdr, 
that  is,  the  leakage  of  the  ordinary  machine  is  fom-  times  as  much 
as  his  special  design.  That  certaioly  does  not  look  qnite  cori ect, 
as  the  leakage  lines  passing  through  the  6eld  winding  ilself  frocn  pole 
to  pole  and  from  the  pole^  to  the  end  brackets  are  venr  considerable  in 
the  tatter  case.  Further,  I  wonder  if  he  can  with  many  desigm 
afford  such  big  boles  in  the  middle  of  the  poles  as  are  shown  in  Fig*  4. 
I  find  that  one  usually  is  glad  with  most  machines  to  accommodate  tb« 
necessary  field  winding  and  the  section  of  the  poles  necessary  to  cany 
the  flux  without  any  allowance  for  air.  The  author  states  dtat  be  gains 
in  ventilation.  Is  not  the  armature  very  much  more  boxed  in  than 
with  the  ordinary  design  ?  With  regard  to  the  leakage  coefficient  <d 
induction  motors,  I  agree  with  his  statement  that  the  leakage 
of  hemitropic  windings  is  certainly  more  than  half  that  of  ordtniuy 
windings,  and  that  t>oth  are  more  nearly  equaL  In  the  anthor's  alter- 
nating commutator  motor  the  ampere-turns  of  the  cotl  on  the  top  of 
the  machine  are  practical ly  in  phase  with  those  of  the  proper  ^M 
coils,  provided  that  a  good  joint  exists  between  the  top  yoke  and  the 
horseshoe  portion,  ju^t  a.^  in  a  scries  transformer.  All  exciting  ampere- 
turns  having  equal  phase,  the  whole  character  of  ilic  mxiohine  must  be 
that  of  an  ordinary  scries  motor.  The  top  yoke  might  be  left  off,  and 
the  coil  on  it  put  in  series  with  the  ordinary  field  coils  on  the  horse- 
shoe, and  naturally  the  motor  would  in  that  form  l>c  a  low  %*olt  molor 
only.  It  would  be  interesting  if  the  author  would  give  a  sketch 
showing  how  the  special  yoke  and  the  high  volt  coil  would  he 
accommodated  in,  say*  a  four*polar  railway  motor.  He  remarks  .tl 
the  end  of  the  induction  motor  portion  of  his  paper  that  inducttofi 
motors  are  smaller  than  continuous-current  machines,  because  the 
leakage  factor  of  the  former  is  smaller.  Surely  the  leakage  factor 
is  only  of  secondary  importance  with  regard  to  the  si^e  of  machine. 
Its  influence  on  the  behaviour  of  the  machines  themselves  is  entirely 
different  in  both  cases ;  an  induction  motor  with  a  leakage  factor  of 
I -15  is  bad,  a  continuous-current  machine  with  15  p^  cent  leakage  iS 
very  good, 

Mr.  W,  Crahp  ((>i  reply) :  I  must  agree  with  Mr.  Frith  in  that  some 
apology  is  due  for  the  arrangement  of  the  paper.  If  I  had  to  re-wntc 
it  I  certainly  would  not  arrange  it  in  quite  the  same  way.  As  to  W. 
Frith*s  remarks  on  the  appearance  of  machines,  1  cordially  agree  that 
for  selling  purposes  it  is  most  important  that  a  machine  should  havi- 1 
pleasing  appearance,  and  so  convinced  am  I  of  the  truth  of  this  th-it  I 
*-^v  great  emphasis  on   it  each  session  at  the  School  of  Technology. 
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But  though  in  section  my  machine  may  appear  extraordinary,  it  Mt  Cramp* 
certainly  is  not  necessary  that  its  appearance  should  in  reality  be 
at  all  uncommon.  I  think  that  Mr*  Frith  made  too  much  of  the 
question  of  field  coil  dimensions,  as  many  firms  with  ordinary  pattern 
motors  do  not  attempt  to  adopt  the  most  economical  coil  shape.  With 
respect  to  the  tables  of  costs  given  in  the  paper,  all  the  figures  were 
based  on  the  nominal  prices  of  copper  at  is,  per  Ib.^  cast  iron  at  i^d* 
per  lb,,  and  cast  steel  at  ajd.  per  lb  I  am  glad  to  endorse  Mr.  Frith's 
views  as  to  the  recent  train4ighting  dynamos^  which  are  undoubtedly 
good  examples  of  magnetisation  f  rorA  the  armature. 

With  regard  to  Mr.  Frith' s  remarks  on  inductor  alternators^  there  is 
no  reason  why  the  same  principle  which  is  involved  in  the  self-exciting 
jndnctor  machine  should  not  be  applied  to  alternators  of  ordinary 
form.  In  explanation  of  Fig.  15,  I  would  say  that  Figs.  14  and  16 
were  taken  for  one  frequency^  Fig.  15  for  another,  and  it  is  clear  that 
there  is  a  certain  frequency  at  which  the  machine  behaved  best* 
Further,  Figs.  14,  15,  and  16  w^ere  all  taken  for  a  constant  current 
of  10  amperes.  In  considering  tliat  the  alternaling- current  motor 
shown  is  essentially  the  same  as  a  series  motor  with  separate  trans- 
former Mr,  Frith  is  quite  in  error,  for  the  economy  obtained  over  the 
latter  combination  is  very  marked  both  in  copper  and  iron^  as  shown 
by  the  comparisons  given  in  Table  IK. 

Coming  next  to  Dr.  Garrard's  remarks,  as  no  air-gap  is  necessary 
between  the  motor  proper  and  the  limb  in  Fig.  iS,  there  is  no  necessity 
for  the  power  appearing  at  the  brushes  to  cross  any  air-gap.  Witli 
regard  to  Table  IIL,  1  feel  sure  that  Dr.  Garrard  is  in  error  in  thinking 
that  the  difference  in  specific  cost  for  5-  and  6-k.w.  machines  respec- 
tively is  as  mucli  as  4  per  cent. 

I  thank  Mr.  C,  F.  Smith  for  his  suggested  explanation  of  the 
phenomenon  referred  to  on  page  56$!  and  it  seems  to  me  that  that 
explanation  is  right. 

Referring  to  Dr.  Bowman's  remarks,  my  object  was  for  a  given 
efficiency  to  reduce  the  size  and  cost  of  the  machine  rather  than  to 
raise  the  efficiency  of  existing  sixes. 

In  answer  to  Mr*  Wilson,  Lundell  machines  undoubtedly  do  get 
very  hot  indeed,  but  the  designs  shown  in  the  paper  can  be  ventilated 
very  easily  and  efficiently  by  a  simple  slot  in  the  middle  of  the  thin 
part  of  the  pole. 

In  reply  to  Mr.  Goldschmidt,  the  coefficients  of  leakage  given  in  the 
paper  were  estimated  from  actual  machines  of  similar  type.  1  am  gbd 
to  have  Mr,  Goldschmidt's  confirmation  of  my  statements  concerning 
hemitropic  windings ;  but  in  his  criticisms  of  the  new  A.C*  motor 
Mr,  Goldschmidt  is»  I  think,  entirely  wrong.  The  effect  of  placing  the 
upper  coil  around  the  tower  Hmbs,  and  doing  away  with  the  upper 
limb,  would  be  to  change  a  motor  with  a  good  series  characteristic 
into  a  bad  shunt  motor,  and  to  convert  a  machine  which  depends  for 
its  action  on  magnetic  leakage  into  one  which  is  practically  independent 
of  this  principle. 
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MODERN   TRANSFORMER   DESIGN. 
By  Professor  H.  BOHLE,  Member. 

{Abstract  of  Paper  read  June  14,  1906.) 

EXPLANATION   OF  SYMBOLS  AND  EXPRESSIONS. 

B»«  =  flux  density  (amplitude), 
c,  C  =  coefficients. 
D  =  density  of  copper. 
Di  =  density  of  iron. 
d  —  diameter  of  circle  circumscribing  core. 
dt  ==  distance  between  two  such  circles. 
E,  =  primary  E.M.F. 
/  =  frequency. 

fi  =  space  factor  of  iron  core. 
fc  =  space  factor  of  copper  windings, 
f  =  form  factor  of  E.M.F.  wave. 
/,  ¥  =  functions. 
h  =  height  of  core. 
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The  degree  of  efficiency  of  a  well-designed  transformer  is  largely  a 
matter  of  cost,  and  in  determinmg  the  most  economical  eflftciency  for 
any  particnlar  working  conditions  the  relation  between  capital  cost  of 
plant  and  cost  of  energy  must  be  taken  into  account  In  all  cases  the 
efficiency  of  a  transformer  should  be  such  that  the  rentability  of  the 
plant  is  a  maximum.  We  find  this  efficiency  for  known  working 
conditions  as  follows  : — 

The  cost  of  the  active  material  of  a  transformer  P  is  a  function  of 
the  efficiency  i|,  so  that — 

P  =/(,). 

The  cost  of  the  inactive  material,  such  as  cases,  cooling  oil— if  any 
—and  the  expenditure  caused  by  wa^^cs,  power  required  for  machine 
tools,  etc.,  are  partly  proportional  to  P,  partly  constant,  so  that  the  total 
price  of  the  transformer  P/  is  expressed  by — 

P,=:C  +  cP  shillings. 

Where  C  and  c  are  coefficients,  the  former  oscillating  between  i'5  P 
and  0*5  P*  the  latter  betw*een  ro  and  1^2, according  to  the  siiie  of  tranS" 
formcrj  the  mode  of  construction,  and  the  locality  of  the  manufacturing 
works,  being  constant  for  a  given  size  and  know*n  manufacturing 
conditions. 

The  expenditure  caused  by  interest  and  amortisationj  at  p  per  cent,^ 

pC+pcP  =  pc+pc/in). 

The  cost  for  current  consumption  is  also  a  function  of  the  efficteney, 
and  equal  to  F  (t^),  following  a  straight  line  for  a  given  price  per  kilo- 
watt-hour, so  that  the  total  working  costs  are  equal  to — 

pC-^pcfM-l-Fin}, 
When  this  is  a  mintmura — 


and  since^ — 
and — 


F'  (n)  s  tan  a, 


tanj3 1^ 

tan  a  pc* 

Le.M  the  most  favourable  point  in  the  curve  P  ^f{n)  is  that  point  the 
tangent  of  which  forms  with  the  axis  of  abscissae  an  angle  ^,  the  — 
sign  denoting  that  the  angles  a  and  /3  arc  to  be  plotted  in  opposite 
directions  with  regard  lo  the  axis  of  abscissae.  All  we  require  to  know 
are  the  values  of  p  and  c,  the  cost  per  kilowatt-hour,  and  the  average  or 
annual  load. 

When  a  definite  copper  loss  has  to  be  assumed  on  account  of  the 
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"  drop/*  which  may  have  been  specified,  we  obtain  the  most  favourable 
efficiency  without  requiring  to  know  the  annual  load  by  plotting  as 
abscissae  the  iron  losses  piP/,  and  as  ordi  nates  the  price  of  the  active 
material  P=/(f^P/),  where  P/ denotes  the  total  losses,  plus  the  cost 
of  the  kilo  watt -hours  to  cover  the  iron  losses^  the  latter  bein^  equal  to 
F(^P.). 

For  unknown  working  conditions  the  efficiency  has  to  be  assumed^ 
for  which  purpose  the  curves  in  Fig*  i,  a  and  f\  may  be  employed. 
As  the  temperature  rise  is  roughly  inversely  proportional  to  the 
efficiurcy,  the  latter  must  be  high  enough  to  prevent  excessive  heating. 
Curve  a  in  Fig,  i  gives  the  efficiencies  of  li-ansformers  with  natural 
draught  cooling,  the  temperature  rise  of  which  docs  not  exceed  50^  C. 
(90^  F.). 

The  regulation  at  various  power  factors  depends  upon  the  E,M*F.'s 
of  resistance  and  leakage  reactance.     The  latter  is  proportional  to  the 
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square  of  the  number  of  turns,  and  depends  further  upon  the  disposi- 
tion of  the  coils.  By  employing  long  and  thin  concentric  windings,  or 
highly  subdivided  sandwiched  coils,  the  pressure  drop  may  always  be 
kept  within  reasonable  limits. 

The  method  of  cooling  depends  chiefly  on  the  efficiency  of  the 
transformer.  From  a  commercial  standpoint  it  pays  to  accelerate  the 
dissipation  of  heat  by  means  of  oil  for  all  sizes  above  50  to  80  K.V.A,, 
and  by  mechanical  cooling  (forced  draught  or  combined  oil  and  water) 
above  250  K.V.A,  The  dissipation  of  heat  depends  slightly  upon  the 
copper  space  factor/,,  that  is,  the  ratio^ 


space  absorbed  by  the  copper  of  the  winding 

^'  total  available  win  dm  g  space 


If  /c  be  large,  we  obtain  a  comparatively  small  transformer,  but 
chances  are  that  little  space  is  left  for  properly  insulating  the  coils,  and 
ventilating  ducts  are  out  of  the  question*  Fig,  2  represents  the  space 
factors  of  transformers  for  outputs  varj^ng  from  10  to  1,000  K.V.A.,  for 
F.D/s  up  to  40,000  volts.     Oil-cooled  transformers  may  be  given  a 
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looger  space  factor  than   blast-cooled  designsj  since  oil  itself   is  an 
insulator. 

The  magnetising  current  which  influences  the  power  factor  of  the 
plant   on  account  of  being  chiefly  wattless,  may  be  made  small  by 
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employing  a  short  magnetic  circuity  a  small  flux  density,  iron  of  a  high 
permeability,  and  properly  constructed  joints* 

The  subject  of  the  calculation  of  the  main  dimensions  has  been 
fully  treated  in  a  previous  arlicle  by  R.  Pohl  and  the  author.*  The 
formula   were   deduced   for  a  single-phase  core  transformer  of    the 

i cruciform  type,  and  the  principal  equations  are  as  follows : — 


_  57  X  K.V.A.  X  10^               amps,  ^  kilolines  ^  __  , 
^ ^  ^  /  f ^Kt^: --^  X „      X  mm,* 

J Jifc  mm  »  f^TTi  " 


mm/ 


cm." 


^ejlj^yxxic^^         amps,  ^  kilol^  ^  ^^  ^ 


inch* 
kilograms 
nim.^ 


inch 
Mf  =  12  X  tQ-^fid^{2  d  +  d,  +  h) 

=  o*44/,rf'(2.^  +  J,-hA)j^    .    .    . 

M,  =  28  X  ID-/,  h  (d  d,  +  ^0  '^^'"^T" 
^'    \     *  ^  2  ^      nim.3 

"    V      *  ^  2  y  inch^ 

"■-^-Vfe#^ . . . 


(I) 


(a) 


0) 


(4) 


M,  = 


I"B* 


(S) 

•  Ekctricat  £ii^iit«!r»  voh  36,  1905.  pp.  446-^49  and  pp.  SJ<3-S^I*     EkkirekchntHki 
Ztilschrifi^  vol.  j6,  pp.  897-9oa 
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By  combining  these  equations  we  obtain — 

r'B-f^(2d  +  </,  +  A) 

Km  P/  /         p,  Pi  amps,      kilolines 

—  liM_P      /         pfpi  __  „  amps.  ^  kilolines  , 

YjjXi^^xKm  ^^^ 

—  ^'^  /         ^^         —  V  ^"^P^-  s^  kilolines 

/y  j3  X  jj  X  Km  ^, 

From  these  equations  we  obtain — 

rf.  =  2rf(^^rf-i)       (8) 
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We  obtain  further — 
4 


N,= 


E,  X  ro^ 


volts 


and^ 


^  - .  d^it  „-^  mm.'  X  kilolines  per  cm. 
4/  Vi  --r  tS'^ 
4 

Vi  X  10^ votts 

^^j.d'iTr^^  mm.' X  kilolines  per  cm. ^ 

4 

-     ^1 X  10^  volts      

Ttr^'^  rj«.  inch*  X  kilolines  per  inch' 
4 


nearly 


N,  =  ^?xN. 


For  3*  phase  tfanbformcrs,  of  the  unsymraetrical  core  typcj  all  cores 
being  arranged  in  one  line,  the  equations  read  as  foUowiS  ;■ — 

A  rf,  <f  r'  R» 

3  82  X  io»  X  K.V.A.      „  amps,      kilolines 
^ — =5  K<    .  -  „  X  — — "T"  X  mmi* 


"/M" 


^  mm** 


cnL^ 


_  :^-8a  X  IQ?  X  K,V.A,  _  ^  amps.       kilolines      .     , 
Km  P, 


X  Km  ^^ 


6  X  lo 


kilolmes 

X r^  X  mm-' 

cm.» 


_  KjmiFV     /         fc^         _  |.  amps. 


kilolines      .     .  , 


_      amps,      kiloiines 


cm*' 


X  mni.3 


P^      /         ^^ ^  _  j^  amps,      kilolmcs 


_2^(K,ii-K^ 


I"  B*^  = 
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^^^^1         For  shell  transformers  the  ^oations  are  atso  easily  dedyci.'d. 
^                For  the  ded  act  ions  of  the  above  fortnula:  it  has  been  assumed  tliat    ' 
^^H           the  total  losses  arc  a  minimum  when  the  flux  density  is  constant  along 
^^H           Ihu  whole  magnetic  path.    Thi^  is,  however,  not  the  case,  and  if  may 
^^H          he  proved  that  better  results  are  obtained  by  making  the  fliuc  denary    • 
^^H          in  the  core  approximately  twice  as  high  as  that  in  the  yokes.    Tfns 
^^^m           modification  may  crasily  be  introduced  when  the  principal  dimeiisioos 
^^^           have  been  determined.     The  saving  of  active  material  therebv  is  of  tea 
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The  resistance  E.M.F,  is  here  almost  identical  with  the  percentage 
)pper  losses,  since  the  load  is  non-inductive,  so  that  the  copper  losses 
lUst  be  limited  to  2  per  cent* 

We  procure  the  most  favourable  efficiency  by  plotting  the  curve 
^f{pi  P;),  obtained  by  assuming  various  iron  losses,  the  primary  of 
ke  Iransformer  ryniiing  for  24  x  365  hours  annually, 

Vol.  sa  m 


I 


606         BOHLB  :  MODERN  TRANSFORMER  DESIGN.    [Cape  Town, 

The  price  per  kilowatt-hour  is  i^d. 

The  price  of  the  iron  per  unit  weight  is  equal  to  that  of  copper, 
so  that — 

Km  =  u'  =  I,  hence  Mrf=  M^. 

p            ohms  X  mm.*  j-  _  a  r  -  o  /-. 

^  =  2*5     ... correspondmg  to  a  nse  of  50°  C. 


D 


kilograms 


=r  ==  i'94  X  lO"^  (see  Fig.  4,  corresponding  to  B*"  =  10,000  and 
^*  A  =  0*5  ram.) 

/,  =  0-68  =  core  space  factor      )  assumed. 
/;  =  0-35  =  copper  space  factor  3 

The  copper  losses  at  full  load  are  equal  to  no  watts  (2  per  cent.). 
We  assume  the  following  iron  losses ; — 

P/=4o,  55,  75,  100  watts, 

and  calculate  by  means  of  the  equations  (i),  (6),  (7),  (8),  and  (9)  the 
most  favourable  I"  B**,  and  with  the  aid  of  (4)  and  (5)  the  weights  M, 
and  Mf — 

rB'"=     2-8,  4-6;  8-9;  26-6 
Mrf=  Mc  =  no  ;  77  ;  46 ;      18  kilograms. 

At  21  pence  per  kilogram  of  copper,  respectively  iron — 

P  =  385,  270,  163,  63  shUlings. 

If  we  reckon  for  interest  and  amortisation  12  per  cent.,  and  assume 
for  c  a  %'^luc  of  3^  we  are  able  to  construct  the  tangent   to  the  cunc 
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THREE-PHASE     ELECTRIC     POWER     TRANSMIS- 
SION AT  THE   CAPE   EXPLOSIVE   WORKS. 


By  R,  S.  Mans  EL,  Associate, 

{Abstract  of  Paper  read  Nffeember  12,  1906.) 

Electric  ener^  generated  by  steam  power  has  been  adopted  in 
many  works  for  driving  purposes*  and  it  is  the  object  of  this  paper  to 
describe  what  may  be  considered  a  good  example  of  a  modern  factory 
electric  power  transmission  plant 

The  generating  station  at  the  Cape  Explosive  Works  was  designed 
for  an  output  of  about  i  ^ooo  k.w*  in  electric  p^wcr^  and  also  power  in 
the  form  of  compressed  air  to  the  extent  of  some  240  H.P, 

The  power  station  contains,  in  the  boiler-room,  four  Babcock  & 
Wilcox  pattern  water-tube  boilers  of  American  make.  These  are  each 
of  a  normal  capacity  of  300  H.P.,  which  can  be  increased  to  400  H.P* 
by  forcing,  if  necessary.  The  grates  arc  hand  fired.  Each  grate  is  of 
about  50  sq.  ft.  area,  and  each  furnace  is  fitted  with  a  side  door,  by 
means  of  which  the  back  part  of  the  grate  may  be  very  readily  cleaned. 
The  furnace  fronts  are  extended  in  the  form  of  a  firebrick  arch  about 
5  ft,  in  length,  against  which  the  flame  from  the  coal  first  impinges 
before  reaching  the  water-tubes,  thus  preventing  the  direct  impact  of  cold 
air  on  them  when  the  furnace  door  is  opened  for  firing.  The  steam 
from  the  four  boilers  is  passed  through  two  superheaters  designed  to 
raise  the  temperature  by  50°  F.,  these  being  heated  by  the  waste  guises 
from  the  boilers.  The  superheaters  arc  of  cast  iron  with  vertical  tubes, 
and  are  fitted  with  scraping  gear  to  keep  them  free  from  soot.  The 
boilers  work  at  a  pressure  of  150  lbs.  per  sq.  in.  Fuel  economisers  of 
the  Green  pattern,  but  of  American  make,  are  also  installed,  with  the 
object  of  utilising  as  much  of  the  heat  in  the  waste  gases  as  passible. 
Induced  draughl  is  used,  the  fans  for  the  draught  being  driven  by  small 
vertical  steam  engines  directly  coupled  to  the  shafts.  They  deliver  the 
waste  gases  into  an  iron  chimney  stack  6  ft.  in  diameter  and  60  ft.  high. 
Two  fans  are  provided,  but  one  fan  is  found  to  be  sufiicient  to  produce 
all  the  necessary  draught. 

The  engine-room  contains  three  Parsons'  turbo-electric  generators 
for  the  supply  of  3-phxsc  alternating  current  at  a  voltage  of  440  to  460 
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and  at  a  periodicity  of  50  f\J  per  second.  The  exhaust  steam  from  aU 
these  turbinL'S  passes  into  a  24-in-  dian^eter  main*  and  thence  to  ai] 
Edwards'  evaporative  condetiser  capable  of  deaUug  with  24^000  lbs,  of 
steam  per  hour.  An  Edwards*  3-throw  air-pump  is  provided^  thi*  being 
driven  by  a  vplxase  induction  motor.  The  condensing  water  is  pro* 
vided  from  a  lake  in  the  neighbourhood,  and  is  circulated  by  means  of 
cenlrifu^al  pumps,  also  driven  by  induction  motors. 

As  compressed  air  is  very  nmch  used  in  various  processes  abotil  the 
works,  three  Riedler  air  compressors  have  been  installed  at  the  power 
station  to  supply  this.  One  of  these  is  of  the  steam-driven  duplex 
compound  type,  for  double-stage  compression,  and  is  of  some  1 10  H,P* 
The  other  two  compressors  are  of  go  H,P,  and  60  H.P,  respectively, 
and  are  of  the  duplex  type  for  single-stage  compression.  The  two 
latter  are  driven  by  2-speed  induction  motors,  by  means  of  belts  and 
coimtershafting.  These  compressors  all  deliver  air  at  a  pressure  of 
80  lbs.  per  sq.  in. 

The  switchboard  for  the  control  of  the  electric  power  was  built  by 
the  Wcstinghouse  Company,  of  Pittsburg,  U^S.A,,  and  is  entirely  of 
white  marble,  with  black  oxidised  apparatus  mounted  thereon.  *  The 
board  consists  of  twelve  panels,  each  24  in,  wide.  There  are  three 
generator  panels,  two  exciter  panels,  one  station  panel,  and  sbi  feeder 
panels.  An  indicating  wattmeter  reading  to  1,600  k.w.  is  mounted  on 
the  station  panel,  also  an  integrating  wattmeter  of  the  same  capacity. 
Integrating  wattmeters  are  provided  for  all  the  feeder  panels,  and  both 
generator  and  feeder  panels  are  fitted  with  automatic  circuit^breakcrs. 
The  feeder  cables  arc  carried  in  a  concrete  culvert  to  a  skeleton  steel 
'* cable  tower"  35  ft-  in  height,  from  whence  the  transmission  lines 
radiate  in  various  directions  to  the  points  where  the  power  is  utilised. 

The  transmission  lines  are  nearly  all  overhead,  of  bare  copper  vme 
carried  00  porcelain  insulators.  The  poles  are  of  steel,  of  tapered 
shape,  having  cast-iron  bases  with  buckled  footplates*  ChanDel-stccl 
cross-arms  are  used,  the  si^es  varying  with  the  si^e  of  line  to  be 
carried,  the  largest  section  used  being  4  in.  X  2  in.  X  i  in.     Sections 

3  in.  X  2  in.  X  1  in,  and  smaller  are  also  in  use.  Where  the  largest 
cables     are     shackled     to     the     poles,    small     I-beams    of     section 

4  in.  X  2  in,  X  J  m.  are  used  as  cross-arms,  being  better  suited  to 
the  strain  than  channel  iron.  The  lines  arc  placed  side  by  u4c 
on  the  cross-arms.  A  preferable  method  of  arranging  these,  as  far  3^ 
minimising  line  induciion  is  concerned,  would  have  been  to  bai^ 
placed  them  equi distantly  at  the  angles  of  a  triangle,  but  this  wa^ 
not  considered  necessary  owing  to  the  short  length  of  the  lines  and 
the  increased  cost  this  construction  would  have  entailed.  Tbe 
maximum  distance  from  the  power  station  to  any  point  where  tfoe 
power  is  used  is  about  i^  miles,  and  the  lines  are  of  sufficient  sue  tO 
prevent  any  serious  drop  in  voltage.  At  the  points  where  brancheiirc 
taken  oU  the  main  hues,  '^  flying  fuses  "  of  a  special  type  are  insartedf 
both  as  a  safeguard  in  the  case  of  a  short-circuit  in  the  branch,  and  ta 
isolate  the  branch  if  necessary. 
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As  some  trouble  with  lighlning  was  nntfcipatcd,  arresters  of  a  very 
simple  lyptr  have  been  fixed  at  numerous  points  on  the  overhead  system. 
The  arrester  consists  of  a  small  cast-iron  case  containing  a  porcelain 
block,  which  has  two  small  cylinders  of  no n -arcing  metal  secured 
thereto*  These  are  set  at  about  j^  inch  apart.  One  of  these  cylinders 
is  connected  to  the  line  wire  and  the  other  to  an  earth  plate  buried 
close  to  the  point  wliure  the  arrester  is  fixed. 

Only  on  one  occasion  ^  however,  has  any  appreciable  damage  been 
done  by  (ij^htnin^,  and  that  was  before  the  arresters  had  been  con- 
nected. Two  recording  instruments  in  the  power  station  and  one 
motor  in  a  building  at  a  httle  distance  were  severely  damaged.  As 
a.  protection  to  the  main  switchboard  instruments^  a  more  sensitive 
type  of  arrester  is  used^  consisting  of  carbon  rods  mounted  horis^ontally 
in  pairs  on  a  marble  slab,  at  a  few  inches  distance.  One  rod  of  each 
pair  is  connected  to  one  of  the  bus  bars  ;  the  other*  through  a  suitable 
water- re  si  stance  to  earth.  Small  hooks  of  No.  36  S.W.G.  silk-covered 
copper  wire  hang  over  the  rods,  being  held  in  contact  by  small  leaden 
weights  pinched  on  to  the  ends  of  the  wires.  A  very  small  electrostatic 
potential  on  the  line  is  su^Bcient  to  spark  through  the  silk  insulation  of 
the  wire,  discharging  the  line  to  earth.  This  type  of  arrester  has  been 
found  perfectly  reliable  in  parts  of  the  Transvaal  where  hghtning  is 
dreaded  by  the  electrical  engineer, 

Tbe  motors  installed  on  tlie  works  are  all  of  the  Westinghouse  in- 
duction type,  having  squirrel -cage  rotors.  In  all  there  are  installed  some 
ninety  motors,  of  many  different  sizes,  from  i  H.P,  toQoH.F.  With 
the  exception  of  four  of  the  largest  size,  these  are  all  of  the  constant- 
speed  type.  The  constriiction  of  the  motor  admits  of  the  rotor  being 
utilised  as  a  fan,  producing  an  excellent  effect  in  keeping  the  conductor 
cool 

The  polyphase  induction  motor  may  be  started  by  connecting  it 
directly  to  the  circuit  with  an  ordinary  switch.  Tho^e  in  use  at  the 
works,  up  to  3  H.P„  are  so  started  in  practice.  The  larger  motors  are 
started  on  a  reduced  voltage,  the  full  E.M/F.  of  the  circuit  not  being 
applied  until  the  motors  have  approached  their  running  speed , 

The  lower  E.M.F.  is  obtained  by  the  auto-starter,  which  consists  of 
a  double-throw  switch  mounted  in  a  cast4ron  case  in  which  are  also 
two  auto-transformers.  The  case  is  filled  with  a  special  oil,  which 
serves  both  to  prevent  sparking  at  the  switch  contacts,  and  to  insulate 
the  auto-transformers.  When  the  switch  is  thrown  in  one  position,  the 
aulo-trans formers  are  contiected  across  the  circuits  and  deliver  a  low 
E*M.F.  to  the  motor.  When  the  switch  is  thrown  in  the  opposite 
direction  the  auto- transformers  are  cut  out  and  the  motor  is  connected 
directly  to  the  circuit.  The  wires  from  the  power  circuit  are  con- 
nected through  suitable  fuses  and  an  ammeter,  and,  in  many  cases, 
an  integrating  wattmeter,  to  the  auto-starterj  and  the  s;ime  number  of 
wires  connect  the  auto-starter  to  the  motor.  The  auto-transformers 
arc  arranged  with  loops  so  that  one  of  several  voltages  may  be  applied 
for  starting,  thus  adjusting  the  starting  torctue  to  the  nature  of  the  load 
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on  the  motor.  In  causes,  the  auto-starters  m^y  be  placed  at  points 
more  or  less  distant  from  the  motors.  This  is  a  viUuahle  feature,  and 
is  taken  full  advantage  of  when  the  motors  have  to  be  fixed  in  places 
not  easily  accessible. 

Certain  of  the  largest  motors,  namely,  one  of  60  HpP.,  two  of 
75  H.P.,  and  one  of  90  H.P.,  are  of  the  two-speed  typCj  the  con* 
nections  between  the  auto-starters  and  motors  being  so  arranged  that 
the  number  of  poles  in  the  stator  may  be  changed. 

The  power  used  is  measured  by  Thomson  integrating  wattmeters 
suitable  for  3 -phase  balanced  loads.  One  of  the-se  instruments  is 
provided  for  eacli  motor  installation.  They  are  provided  with  an 
artificial  neutral  point,  the  pressure  coil  of  the  meter  being  connected 
between  this  point  and  one  of  the  lines,  which  is  connected  through 
the  current  coil  of  the  meter. 

Where  motors  are  exposed  to  acid  fumes,  condensation  of  the 
acid  on  the  coils  is  likely  to  occur  which  may  eventually  lead 
to  breakdown n  of  the  insulation*  To  prevent  this,  in  a  part  of  the 
works  where  two  40-H,P*  motors  are  together  driving  a  large  Rods 
blower  and  where  they  are  much  exposed,  the  expedient  has  been 
adopted  of  making  the  end  casings  of  the  motors  air-tight  and  con- 
necting them  to  a  large  air-trunk  communicating  with  fresh  air,  by 
means  of  sheet -iron  pipes.  T  lie  air  is  drawn  into  the  motors  through 
the  pipes  by  the  fan-action  of  the  rotor,  and  is  expelled  through  holc5> 
in  the  periphery  of  the  motor  frame.  This  arrangement  effectually 
keeps  the  motor  cool,  and,  since  fitted,  no  trouble  has  occurred.  In 
certain  sections  of  the  works,  a  higher  hue  voltage  than  tto  is  pro- 
hibited, and  some  twenty*four  of  the  motors  and  a  large  portion  of 
the  lighting  are  operated  at  this  pressure*  The  remainder  of  the 
motors  ^u-e  operated  at  440  volts.  Much  of  the  lighting  is  operated 
at  22Q  volts. 

With  the  object  of  keeping  up  the  voltage  on  the  longest  feeder 
three  '*  tjooster  "  transformers  are  inserted  in  that  circuit  at  the  power 
station,  a  double- throw  switch  being  provided  so  that  they  may  be 
switched  in  or  out  as  necessary.  The  secondary  windings  are  in  series 
with  the  lines,  and  the  primaries  may  be  connected  in  cither  star  or 
mesh  combination^  thus  giving  two  different  additional  voltages  to  the 
circuit. 
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SOME  NOTES  ON  THE  BREAKING  OF  TROLLEY 

WIRES, 

By  P,  S.  SHEARDOWN,  Member, 

{Absimct  of  Paper  rmd  December  6,  1906.) 

With  the  overhead  system  of  electric  traction,  there  is  always 
present  the  possibility  of  a  trolley  wire  breaking  and  coming  to  the 
ground,  which  usually  means  a  short  circuit  on  the  section,  the 
temporary  stoppage  of  the  car  service^  to  say  nothing  of  the  danger 
of  electric  shock  to  persons  and  animals,  particularly  to  horses. 

In  the  case  of  trolley  wires  erected  with  the  ordinary  soldered  on 
earSj  the  wear  is  usually  fairly  uniform  along  the  span  up  to  the 
suspension  where  the  wire  close  up  to  the  car  will  be  found  to  be  stilt 
more  worn.  This  is  due  to  the  fact  that  the  trolley  wheel  strikes  the 
end  of  the  ear  a  blow,  the  blow  being  caused  partly  by  the  ear  more 
or  less  enveloping  the  wire,  thus  creating  a  greater  diameter  in 
the  horizontal  direction,  and  very  often  a  shght  uncvenness  in  the 
under-running  or  path  of  the  trolley  wheel,  and  partly  by  the  fact 
that  the  wheel  after  running  on  a  comparatively  tlcxiblc  or  yielding 
surface  suddenly  meets  a  rigid  section  in  the  ear.  When  once  the 
trolley  wire  begins  to  wear  or  burr  up  at  the  ear,  the  blow  becomes 
gradually  more  severe,  owing  to  the  formation  of  a  slight  hollow 
in  the  path  of  the  wheel  into  which  it  runs,  and  in  bad  cases  rebounds 
and  leaves  the  wire,  causing  an  open  circuit  spark.  It  then,  with  a 
certain  amount  of  momentum,  strikes  the  car  further  ou,  often  causing 
a  second  upward  indentation  at  this  place. 

For  more  than  ten  years  the  author  has  given  attention  to  the  wear 
of  trolley  wire,  and  his  experience  in  this  direction  is  that  there  is  far 
more  potent  action  at  work  in  weakening  trolley  wire  than  is  accounted 
for  by  the  reduction  of  cross-section  due  to  wear,  this  weakness  being 
undoubtedly  due  to  molecular  change  in  the  copper  at  the  point  of 
suspension.  This  molecular  change  or  crystaUtsalion  which  takes  place 
in  the  wire  close  up  to  the  ear,  or  other  point  of  suspension,  is  due  to 
the  fact  that  the  trolley  wire  hanging  between  two  suspensions  is 
usually  in  a  state  of  vibration.  This  vibration  or  ripple  travelhng  along 
the  wire  is  damped  out  or  rebounds  at  the  points  of  rigid  suspension  ; 
consequently  there  is,  just  at  the  place  where  the   trolley  wire   is 
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soldered  to  the  ear,  a  continnaJ  stressing  of  the  molecules  due  to  one 
piece  of  wire  being  held  rigid  while  the  adjoining  length  of  wire  is 
free  to  move* 

There  i*^  also  a  tbird  action  at  work  tending  to  weaken  the  wire» 
which,  though  akin  to  the  trouble  due  to  what  the  author  would  call 
crystal  li  sat  ton  of  the  material^  is  not  qyite  the  samCj  and  may  be 
described  as  the  hinging  action  which  occurs  at  the  place  where  the 
wire  joins  the  ear,  due  to  the  upward  pressure  of  the  trolley  wheel 
which  is  continually  bending  up  the  wire,  this  bending  being  most 
severe  just  at  the  butt  of  the  ear. 

We  have  therefore  four  actions  taking  place  just  at  the  critical  spot 
where  the  wire  joins  the  rigid  suspension,  all  tending  to  weaken  or 
deteriorate  the  material  in  the  wire  at  this  place.    These  are  : — 

1 .  The  blow  of  the  trolley  wheel  against  the  butt  of  Ihc  car,  part  of 

which  comes  against  the  wire* 

2.  The  effect  of  the  sparking  which  occurs  at  the  same  place,  due 

to  the  trolley  wheel  losing  contact  with  the  wire. 
3-  The  molecular  change  or  crystal  Using  action  in  the  wire,  due 

to  what  the  author  has  termed  the  damping  out  of  vibration 

in  the  suspended  wire- 
4,  The  bending  or  hinging  action  due  to  the  upward  pressure  of 

the  passing  trolley  wheels  (and  possibly  a  lifthj  namely^  over- 
I  heating  of  the  wire  when  being  soldered). 

The  actions  taking  place  in  the  wire  under  3  and  4  must  be  much 
the  same  as  the  action  which  takes  place  when  a  piece  of  wire  is 
clamped  in  the  jaws  of  a  vice,  and  the  wire  is  bent  to  and  fro.  After 
a  certain  amount  of  bending,  depending  upon  the  material  in  the  wire, 
and  the  original  physical  conditions  as  to  hardness,  etc.,  the  wire 
becomes  short  and  breaks  off ;  and  this  action  explains  why,  in  prac- 
tically all  cases  of  broken  trolley  w^ire,  the  fracture  takes  place  close 
up  to  the  point  of  suspension,  or  close  up  to  a  splicing  tube,  where 
No.  4.  the  bending  action,  is  \xry  severe  on  the  wire.  After  wire  has 
been  up  a  certain  time,  it  usually  breaks  first  at  the  section  insubtors 
{where  it  is  held  most  rigid),  then  at  frogs  and  crossings,  and  finally  at 
ordinary  ears  and  at  splicing  tubes. 

The  author  has  seen  many  trolley  wire  breakages  which  have 
occurred  at  a  full-size  section,  and  he  can  only  recall  perhaps  two 
cases  in  which  the  wire  appeared  to  have  broken  from  a  pure  tensile 
stress.  In  these  cases  the  sections  had  pulled  out  thin  l>efoiT 
fracturing. 

I  CONCLUSIONS. 

Firsts  in  drawing  up  a  specification  for  trolley  wire,  there  is  not 
very  much  to  be  gained  in  asking  for  a  very  high  tensile  strength  only. 
What  is  required  is  some  guarantee  that  it  will  be  able  to  withstand  in 
practice  the  bending  and  vibration  stresses  it  will  have  to  meet. 

In  connection  with  this  matter  it  would  not  surprise  the  author  d 
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I  the  experience  of  diffurent  engineers  varied  considerably  on  this  matter 
I  of  trolley  wire  breakages.  It  is,  for  instance,  quite  conceivable  that 
difference  in  pressure  exerted  on  wires  when  being  drawn  through 
the  diCj  might  ha%'e  a  considerable  effect  on  their  power  to  withstand 
bending*  The  presence  of  an  alloy  has  a  marked  cffcctj  and  in  this 
respect  the  author  would  like  to  refer  to  a  composite  wire  known 
as  phono-electric  trolley  wire,  which  gives  remarkably  good  results. 
On  the  system  with  which  he  is  connected,  the  trolley  wire  was  on 
certain  routes  subjected  to  very  hard  wear,  and  within  two  years  of 
erection  breakages  so  often  occurred  that  it  was  replaced  bv  phono- 
electric  wire.  This  latter  wire  has  now  been  up  about  six  years 
and  only  two  fractures  are  on  record.  There  are  only  t^wo  disad\'an- 
tagcs  in  this  make  of  wire  ;  fkistj  it  is  somewhat  dearer  than  hard  drawn 
copper^  and  second lyj  its  electric  conductivity  is  less  than  half  that  of 
copper. 

The  second  conchision  is  that  trolley  wire  should  be  so  erected 
that  there  is  smooth  under-running  for  the  trolleys,  and,  if  possible^ 
it  should  be  so  suspended  that  vibration  in  the  wire  should  be  free  to 
travel  the  whole  length  of  the  wire,  and  not  hung  so  that  as  far  as 
vibrations  are  concerned  each  span  is  insulated  from  the  next,  the 
vibration  in  each  span  of  trolley  wire  being  damped  out  or  caused  to 
rebound  at  the  adjacent  ears.  What  would  appear  to  be  a  capital 
method  on  which  to  erect  trolley  wire  would  be  first  to  erect  a 
stranded  steeJ  suspension  wire  right  along  the  rotile,  and  from  this 
at  frequent  intervals  suspend  a  grooved  trolley  wire  by  mechanical 
dips.  The  author  made  some  experiments  in  this  direction ^  though 
there  is  considerable  difficulty  to  be  overcome  in  ordinary  street  work 
where  there  arc  many  curves,  but  this  method  has  been  developed  in 
the  United  States  under  the  name  of  the  catenary  suspension,  which, 
besides  giving  smooth  under-running,  will  probably  much  reduce  the 
tendency  to  fracture. 

The  third  conclusion  to  be  drawn  is  that  cars  should  be  run  with 
as  little  u.iward  pressure  of  the  trolley  wheel  agaiJist  the  wire  as 
possible,  in  order  to  reduce  the  hinging  action  at  the  ears.  With 
this  action  in  mind,  the  author  is  of  opinion  tliat  trolley  wire,  especially 
when  suspended  from  span  wires,  should  be  erected  fairly  taut  and  the 
span  wires  left  on  the  slack  side,  but  he  docs  not  think  the  short  so- 
called  flexible  suspensions  on  bracket  arms  are  of  much  assistance, 
except  that  they  make  it  possible  to  have  better  secondary  Insulation. 
The  fourth  conclusion  is  that,  other  Ihings  being  equal,  the  life  of 
hea%y  wire  in  comparison  with  that  of  light  wires,  say,  oooo  compared 
with  o,  IS  not  likely  to  be  very  much  longer  before  breaking* 

Lastly,  as  the  fracturing  referred  to  gives  practically  no  external 
evidence  that  it  is  going  to  occur — indeed,  in  many  cases  lakes  place 
just  inside  the  l>utt  of  the  ear  or  under  the  frog  clamps— car efnl 
inspection  is  of  very  little  use,  and  the  question  to  be  asked  on  existing 
systems  is  what  is  best  to  be  done,  as  naturally  no  one  wants  to  renew 
the  wire  until  wear  makes  it  absolutely  necessary. 
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The  best  way  out  of  the  diflficuity  in  the  aothor  s  opinion,  and  the 

one  which  he  has  adopted  throughout  the  Dubhn  system,  is  to  anchor 
the  Wire  at  all  suspensions  after  it  has  been  up  two  years,  but  at  section 
insulators  it  is  safest  to  anchor  them  at  once>  Anchoring  the  wire  at 
section  insulators,  frogs,  and  crossings  is  a  comparatively  simple 
matter^  but  anchoring  at  the  ordinary  ear  suspension  is  not  as  simpk^ 
if  ordinary  anchor  ears  are  not  put  up  in  the  first  instance.  One 
method  would  be  to  anchor  the  span  wire  or  bracket  arm,  but  this 
would  mean  the  cost  of  nearly  double  the  number  of  insulators 
throughout  the  system,  to  say  nothing  of  the  fact  that  the  more 
insulators  there  arc  on  a  line  the  greater  the  chance  of  trouble* 
with  them.  The  method  which  the  author  has  adopted  is  known  as 
the  K,Q,  Patent  Anchoring  device.  It  was  designed  by  two  of  his 
assistants,  and  is  at  once  both  cheap  in  firs  I  cost  aud  simple  to  put  up. 
It  consists  essentially  of  a  stamped  stet;l  plate  with  a  hote  in  it  through 
which  I  lie  threaded  portion  of  the  insulator  bolt  passes.  The  plate  to 
which  the  anchor  wires  are  fastened  is  thus  securely  held  in  postilion 
on  top  of  the  ear,  but  the  strain  of  a  broken  wire  comes  direct  on  the 
bolt.  The  cost  of  this  arrangement  of  anchoring  erected  complete 
costs  about  £14  per  mile  of  double  track. 

It  might  be  claimed  that  the  wire  would  be  liable  to  fracture  at  the 
end  of  the  half  anchor  ear  in  the  same  way  that  it  does  at  the  ordinary 
ear  J  but  the  half  anchor  ear  if  properly  designed  will  have  a  sufficiem 
grip  of  the  wire  and  yet  give  smooth  under-running.  Moreover,  it  is 
much  shorter  than  an  ordinary  car,  and  is  free  to  move  with  the  wire 
instead  of  itself  being  fastened  to  a  support.  In  Dublin,  anchoring  has 
been  employed  at  section  insulators  for  about  eight  years,  and  at  the 
present  time  every  suspension  is  anchored  except  where  the  wire  has 
been  recently  renewed.  There  are  therefore  about  8,000  of  these  half 
anchor  ears  in  use,  but  on  only  two  occasions  has  the  wire  fai 
outside  a  half*anchor  car. 

When  the  wire  breaks  at  a  suspension,  the  anchoring  device  holds 
it  in  position,  and  as  soon  as  it  is  noticed  the  emergency  wagon  is 
sent  for  and  tlie  men  quickly  make  a  temporary  repair,  and  beyond 
the  fact  that  a  few  trolley  wheels  may  leave  the  wire,  no  inconvenience 
or  stoppage  to  traffic  is  experienced.  Although  as  many  as  twenty 
broken  wires  per  month  have  been  reported  during  the  past  twelve 
months,  only  three  have  come  to  the  ground.  In  one  case  the  sus- 
pension was  not  anchored ;  in  another  the  wire  was  held  in  the  anchor 
all  right,  but  was  afterwards  pulled  down  by  a  trolley  head  getting 
^.ught;  and  in  the  third  case  the  wire  broke  outside  the  anchoring 
device. 
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H       NOTE   ON   SUCTION    PRODUCER   PLANT 
^^H^  By  A.  £.  PoRTE^  Member. 

^^^^^  {Pilfer  read  ill  Meeting  of  Sectiorti  yanuury  lo,  1907.) 

f  Simple  producer  gas  U  made  using  air  only  with  incandescent  coke 

or  coalj  and  is  sometimes  culled  air  gas*  Water  gas  is  made  by  driving 
steam  or  water  vapour  over  incandescent  coke  or  coal.  Semi-water  gas 
is  tlie  ideal  producer  gas^  and  consists  of  air  and  water  gas  in  the  pro- 
portions  of  air  gas  3"88  volumes,  and  water  gas  i  "48  vohimcs.  Taking 
simple  producer  gas^  using  air  only,  we  have  air  consisting  of  :'- 

Volume  Wdght 

O    „.        -..        ,,.    21  per  cent,,,*        * 20  per  cent, 

N    ».        * 79      u        -        -        -"    77      *f 

Carbon  burned  to  CO  occupies  twice  the  volume  of  O  which  it 
contains;  100  volumes  of  air  will  yield  42  volumes  CO,  having  a  com- 
position of  CO  42  =  347  per  cent,  J  N  79  =  653  per  cent.  The  two 
gases  have  the  same  specific  gravity,  and.  hence  the  proportions  of 
volume  and  weight  will  be  the  same,  One  thousand  cubic  feet  of  this 
gas  wilt  weigh  78  lbs.,  and  one  ton  of  C  would  give  itjo^ooo  cubic  feet  j 
assuming  the  coke  to  be  90  per  cent.  C,  one  ton  will  give  171,000  cubic 
feet  of  gas.  The  calorific  power  is  0347x4,320^1,41)9  B/rh.U* 
per  pound,  and  since  i^ooo  cubic  feet  =  78  lbs.,  this  will  evolve  116,925 
B,Th,U,  Again,  1  lb,  of  C  combined  with  133  lbs<  of  0  =  333  lbs* 
CO  +  N  for  air  ^67 1  lbs,  of  simple  producer  gas.  Now,  t  lb,  of  C 
burned  to  CO^  gives  14,500  B,Th,U, ;  67  lbs,  simple  producer  gas 
burned  to  CO,  gives  10,058  B,Th.lJ. ;  the  difference  is  4,442  B/fh.U,, 
or,  say,  31  per  cent,  of  the  total  heat  energy  of  the  fuel  is  lost  in  con- 
version into  gas.  The  loss  of  heal  is  not  rendered  latent  as  in  steam- 
raising,  and  it  cannot  be  recovered  on  reversing  the  process }  it  is' 
evolved  in  the  producer,  and  is  nearly  alt  lost.  The  simple  producer 
gas  is  practically  never  used  with  gas-engines,  but  Is  alwa3^s  mixed  with 
water  gas.  If  steam  be  driven  over  incandescent  coal  or  coke  it  is 
decomposed,  the  reaction  being  C -|-  H^O^CO-i-zH,  which  means 
that  the  steam  yields  its  own  volume  of  CO  and  of  H,  Every 
I  Ibp  of  C  reduced  to  CO  by  steam  yields  the  same  volume  as  if 
reduced  by  air,  hut  the  CO,  instead  of  being  mixed  wiih  twice  its 
own  volume  of  N,  which  is  a  diluent,  is  mixed  with  its  own 
volume  of  H,  which  is  combusdble,  and  of  very  high  calorific 
power  ;  the  gas  is  therefore  enriched  by  the  added  H,  and  at  the  same 
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time  by  the  reduction  of  N,    The  decomposition  of  steam  by  the 

carbon  consists  of  two  scpamlc  operations,  each  having  a  separate 
thermal  value  :  first,  the  formation  of  a  molecule  of  CO ;  second,  tlic 
decomposition  of  a  molecule  of  H3O.  The  first  evolves  and  tlie  second 
absorbs  heat.  For  every  pound  of  H  liberated  6  His.  of  C  will  t>c  con- 
sumed, and  will  produce  14  lbs.  of  CO.  Tlie  thermal  changes  may  be 
roughly  represented  as  : — 

Heat  absorbed  in  dissociation  of  i  lb,  H  from  O  of 

water         .,»        ,., 

Heat  e%^olved  in  combustion  of  6  lbs.  of  C  to  CO 
Heat    absorbed    by  reaction    for  each   6  lbs,   of   C 

oxidised 

Heat    absorbed    per   pound   of  airboti   oxidised    by 

steam        .,      4i3Bo       ,, 

Hence  the  quantity  of  steam  which  can  be  used  with  advantage  11 
a  producer  is  limited.  The  usual  practice  now  is  to  draw  in  the  air  and 
water  vapour  together  through  the  same  pipe  or  pipes.  The  com- 
buslion  of  the  carbon  by  air  will  supply  the  necessary  heal  to  keep  up 
the  combustion,  and  since  the  combustion  of  C  by  air  takes  place  at  a 
much  lower  temperature  than  that  required  for  the  decomposition  of 
steam,  if  excess  of  steam  be  used  it  will  not  stop  the  combustion  alto- 
gether, but  by  lowering  tlie  temperature  w^ll  cause  the  production  of  a 
large  amount  of  CO^,  and  at  ttte  same  time  the  excess  of  steam  will  pass 
through  without  being  decomposed.  That  a  fairly  high  temperature 
is  necessary  for  the  production  of  good  gas  is  evident  from  the  following 
table,  taken  from  Dn  Buntes'  experiments  ; — 


Effects  of  Temperature  ox  Action  of  Steam. 


i 

Teoiperatore. 
G. 

Tcniperaiurc. 
1*245 

IJ49 
1,850 

PtrCtmL 
uT  Steam 

CompartKiii  of  Gaft— Volumt^         j 

K. 

CO. 

CO, 

674 

838 
954 

IjOIO 

M2S 

8-8 

41-0 
70-2 

940 

99H 

65-a 

6S'2 

61  "9 

48*8 
50*9 

49 
7-8 
151 

393 
497 

48-5 

39-8 
27-0 

6-8 

0*6 

One  lb.  of  C  burned  by  steam  absorbs  4,380  B.Th.U. ;  i  lb.  of  C 
burned  by  air  evolves  4,320  B.Th.U, ;  therefore,  if  there  were  no  lica* 
losses  in  the  producer  through  radiation,  hot  gases,  etc.,  a  mixture  of 
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about  ball  and  half  would  fill  the  hilL  Bat  we  cannot  avoid  losses,  and 
we  mtist  therefore,  use  more  air  and  burn  extra  carbon  to  beep  up  the 
balances.  In  practice  it  is  found  tbat  the  best  proportion  is  about  4  of 
air  to  I  of  steam  ;  this,  however^  varies  considerably  in  different 
plants,  and  from  this  we  get  a  gas  of  average  quality  which  runs 
to^  say  :— 

iJ.Th.tr. 
Vistume,  Wdfjit,  ptt\h.  B,TiLU* 

CO    .,.    37'o  per  cent.  ^  3973  P^^  cent.  ^  0'3973  x    4,320^  1 17163 


H 

N 


7*4 


—  5970 


=  0-0057  X  53i«>oo=    30^' t 


loo'o  roo*oo  2jOi8*4 

1,000  cub.  ft-  of  this  gas  will  weigh  72^9  lbs.,  its  calorific  power 
^  H7'i4i  B.Th.U.  per  cubic  foot,  or  2,018  B,Th»U,  per  pound.  Again, 
I  lb,  of  this  gas  will  contain  o*!7o5  lb.  of  C,  which,  if  completely 
burned  to  CO,,  will  give  o't?  X  14,544^2,473  B.Th^U. ;  i  lb.  of  this 
gas^2,oi8*4  B.Th,U.,  the  loss  bein|T  454*6  B.Th.U.»  which  is  about 
20  per  cent,  of  the  value  of  the  solid  carbon,  whereas  if  air  only  were 
used  the  loss  would  be  31  per  cent.,  or  showing  a  saving  of  n  per  cent 
by  using  steam. 

Generally  speaking,  the  more  steam  that  can  be  used  the  better  as 
long  as  the  temperature  can  be  kept  up,  and  hence  it  is  of  importance 
to  economise  all  the  possible  heat  and  to  return  as  much  of  the  waste 
lieat  as  possible  to  the  producer  in  the  form  of  preheating  of  air  and 
vapour  ;  at  the  same  time  an  excess  of  steani  tnust  be  carefully  guarded 
against,  since  if  the  steam  be  decomposed  it  tends  to  lower  the  tempera- 
ture, and  if  passed  in  the  form  of  steam  will  decrease  the  calorific 
power  of  the  resultant  gas,  as  will  be  seen  from  the  following  table,  * 

Effect  of  Steam  on  Gas. 


Moderate 

ExcesAof 

Steam. 

Great 

E«n««of 

Maximum 
QuaUly 
i>>  Steam. 

CO.       „ 

530 

8'90 

15-0 

CO       ... 

23-50 

16*40 

"■5 

CH,       .„ 

330 

2^55 

i'9 

H 

'3'H 

i860 

24-6 

ap ,., 

Ii343 

t,ti02 

>.«50S 

Temp.  C 

800 

700 

Soo 

Temp.  F 

1472 

1,292 

933 

k.' 
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Steam  has  another  advantage  which  is  of  iniportance  with  prcMluccrs 
having  grates  or  grids  in  the  bottom  through  which  air  or  steam  mtist 
pass,  and  that  is,  the  steam  will  keep  the  chnkers  soft  and  porous, 
giving  a  more  even  distribution  of  heat  and  preventing  chimneyf  (or 
blowholes)  forming ;  it  also  prevents  the  fine  ashes  being  blown  up  into 
the  combustion  zone,  and  the  fusion  of  them  on  to  the  sides  of  the 
producer. 

In  summarising  this  question,  I  will  quote  an  abstract  from  Ra] 
mond's  paper,  Tram.f  A.  htsL  M\E.^  vol.  xx.  p-  465 :  **  (i)  No  possibl 
use  of  steam  can  cause  a  gain  of  heat ;  if  stcani  be  introduced  into 
a  bed  of  incandescent  carbon,  it  is  decomposed  into  H  and  0»  (a) 
The  heat  absorbed  by  the  redyction  of  i  lb*  of  steam  to  H  and  O  is 
much  greater  in  amount  than  the  heat  generated  by  Ihe  union  of  the 
O  with  C  to  form  COj ;  hence  the  effect  of  steam  upon  a  bed  of 
incandescent  fuel  is  to  chill  it  {3)  The  loss  may  be  recovered  if  the 
H  of  the  st&am  is  subsequently  burned  to  form  steam  again.  Such 
a  combustion  of  H  is  contemplated  in  the  case  of  fuel  gas  as  secured 
in  the  subsequent  use  of  the  gas.  (4)  The  advantages  to  be  secured 
consist  principally  in  the  transfer  of  heat  from  the  lower  side  of  the 
fire,  where  it  is  not  wanted.  The  decomposHion  of  steam  below  coQh 
the  fuel  and  grates,  whereas  a  blast  of  air  alone  would  produce  at  that 
point  intense  combustion  (forming  CO,  at  first),  to  the  injury  of  the 
grate  and  fusing  of  the  fuel^  etc.  (5)  The  proportion  of  steam  most 
economical  is  not  easily  determined ;  the  temperature  of  the  steam 
itself,  the  nature  of  the  fuel,  air  supply,  and  form  of  bottom  aifect  tl 
problem." 

We  will  now  glance  at  the  question  of  the  presence  of  CO^  in  the 
gas  :  it  is  considered  as  an  indication  of  bad  gas  if  we  have  more  than 
3  per  cent.,  due  either  to  defective  design  or  operation.  Either  the 
COfl  produced  in  the  combustion  zone  is  not  reduced  to  CO  in  the 
decomposition  zone,  or  the  CO  has  been  burned.  The  presence  of 
CO,  simply  represents  its  ow*n  volume  of  CO  uselessly  burned  In  the 
producer,  causing  serious  loss  of  heat  and  diluting  the  gas  with  a  quite 
worthless  constituent.  Furtherj  the  extra  O  required  to  form 
means  so  much  more  N  present,  so  the  gas  suffers  both  ways, 

I  lb.  C  burned  to  CO,  evolves  141500  B.Th,U, 
1  lb.  ,,  „        CO        „         4450       o 

10,050       „ 

Hence  every  pound  of  C  represented  by  CO,  in  the  gas  means  a  loss 

of  10^050  units  in  the  producer  and  a  reduction  in  calorific  power  of 
the  gas  by  approximately  the  same  amount.  Roughly  speakings  we 
may  assume  that,  if  the  producer  gas  contains  5*2  per  cent*  of  CU^  out 
of  every  pound  of  carbon  is  gasified  0*167  ^^^*  >^  absolutely  wasted 
(10,050  X  0"i67  =  1,678  B/rh.l].,  or  11  per  cent.). 

The  heat  losses  va  ttie  pttidvi^^t  m^i^l  wo^  \>^  s^aara^i^^.^Tisl 


im 
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the  purpose  let  us  see  what  they  are  :  (i)  In  ashes,  if  the  ashpit  he 
full  of  water,  the  heat  loss  on  this  may  be  very  small,  as  the  water  is 
vaporised  by  the  hot  ash  falling,  (2)  Losses  in  unburnt  C  falling 
through  with  ashes.  (3)  Loss  in  heating  air  and  gases  from  32*^  F, 
to  temperature  of  delivery  pipe,  reducible  by  preheating  air  by  waste 
heat  and  reducing  quantity  of  air  used  to  a  minimum.  (4)  In  latent 
heat  of  hydrO'Carbons  ;  this  loss  does  not  affect  us  very  much  in  the 
discussion  of  suction  producers,  (5)  Loss  in  sensible  heat  of  evolved 
gas*  The  gas  leaves  the  producer  at  al>out  1,000°  F,,  and  must, 
therefore,  carry  over  a  large  amount  of  heat  ;  for  our  purpose  this  is  all 
waste  heat,  as  it  has  to  be  taken  out  by  means  of  w^ater  washing.  It  will 
be  realised  from  the  following  what  this  amounts  to  i  i  lb,  of  C  will  yield 
67  lbs.  of  simple  gas  whose  specific  heat  is  0*24$  x  67  ^1^641  B/flkU, 
per  pound  of  fuel  per  i"  F,  rise  in  temperature  X  i^ooo*"  F,  =51,641 
units,  or  11  per  cent,  of  the  total  calorific  power  of  fuel.  (6)  Loss 
due  to  vaporisation  of  moisture  iu  coal  and  formation  of  useless 
steam^  (7)  Loss  in  heating  the  uudecomposed  steam  which  passed 
Ihrough  the  fire*  (B)  Loss  of  heat  in  decomposition  of  steam.  {9) 
Loss  of  heat  in  formation  of  COa,  the  most  serious  loss  of  all.  (10) 
Loss  of  heat,  solid  carbon  losses  in  soot  and  tar  (practically  [lothing), 
(11)  Loss  of  heat  by  radiation*  Wc,  therefore,  have  our  heat 
balance : — 


Dr. 

t. 

2. 
3' 


To  hm tperp on  n d  0/  coa I— 
From    calorific    power   of 

fuel  ...        A 

From  heated  air  blast      ,.*     B 
From  steam  blast  ...        ,.*     C 


By  heat  pet  pound  of  coal— 

Evolved  in  forming  CO;,       ...  D 

Evolved  i  n  form  i  ng  C  O        *  *  *  E 

In  calorific  power  of  gas      .,.  F 
ALisorbed  iu  decomposition  of 

steam *  G 

Lost  in  ash       ...        * H 

Lost  in  unburnt  carbon        .*.  I 

Lost  in  tar  and  soot   ...         ...  J 

Lost  in  volatiUsing  of  hydro- 
carbons       ...        ...        ^.*  K 

Lost  in  sensible  heat  of  gas  .««  L 
Lost  in  hcatinS  of  uudecom- 
posed steam M 

Lost  in  evaporating  moisture 

in  coal           N 

Lost  in  radiation P 


(A+B  +  C)  =  (D  +  EH-F  +  G-hH+I  +  J  +  K  +  L+M-hN  +  P) 
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Calculation  of  Figure  of  Merit, 


B.Th.U.  ptr 

h-thM.  per 

Cjirbon  per 
cub.  flJn 

Lb.  Of  C  ID 

Cub,  ft.  of 

cub.  (i,  of  each 

cub.  ft.  of 

i  «ib.  fl.  of 

Gafl. 

CortsMlueaL 

Mixture. 

CctafttLtuenl. 

Hc^uIUdL 

CO. 

0*040 

> . . 

... 

X  0-0335 

=  0 '00 134 

CO 

0-2S4 

X34^ 

=  86-86 

X  0*0334 

=  0*0074^ 

CH, 

o"oi5 

X  ijOyo 

=  16*0  "5 

X  0-0337 

^  0^00505 

H 

O'lII 

X346 

=38-40 

— 

— 

N 

0-580 

— 

— 

— 

— 

14^31 


001 3S7 


From  this  it  is  obvious  that  not  more  than  al>out  80  cub*  ft,  of  gas 
per  pound  of  coat  am  be  obtained. 

Follow  in  g  from  the  consideration  of  Ihe  heal  losses,  we  may  now 
deal  with  the  fuel  itself.  Broadly,  any  fuel  will  do  for  making  gas.  It 
is  only  a  question  of  designing  a  special  producer  to  suit  it,  but  as  wc 
generally  use  coal,  let  us  devote  our  attention  to  this.  Coal  should  be 
purctiased  from  analysis  which  should  represent  the  bulk.  For  eugiac 
and  metallurgical  work  absence  of  sulphur  is  important.  The  am\ 
should  be  kept  dry  and  clean — dry  to  save  the  cost  of  evaporatiilg 
useless  moisture,  and  clean  to  prevent  foreign  bodies  being  gasified 
and  possibly  spoiling  the  mixture* 

A  great  deal  has  been  said  and  written  about  the  size  of  coal  to  be 
used  in  a  producer,  and  its  regularity.  The  si2e  should  be  fairly  even. 
If  l.irge  pieces  are  in  the  body  of  the  coal  it  will  certainly  feed 
irregularly,  and  the  smaller  pieces  burning  more  rapidly  may  tend  to 
cause  blowholes,  and  even  let  the  steam  and  air  rush  through  cavities 
and  burn  up  both  coal  and  gas.  At  the  same  time,  we  must  not  run 
away  with  the  idea  that  an  odd  chip  will  do  any  harm,  or  that  the 
coal  must  l>e  graded  to  a  fraction  of  an  inch.  If  the  producer  be 
small,  it  is  important  to  keep  the  coal  regular  and  small  in  size,  but  in 
a  large  producer  it  is  not  so  very  im  porta  tit.  If  the  average  run  d 
beans  be,  say,  g  in,  to  }  in.,  pieces  up  to  2  in.  by  i  in.  will  not  do  any 
serious  damage*  The  effect  of  the  size  of  fuel  on  the  reduction  of  C0| 
to  CO  was  fully  investigated  by  Boudouard**  I  may  quote  a  few 
of  his  results  which  are  of  interest  to  us,  A  known  quantity  of  CO. 
was  enclosed  in  a  porcelain  tube  in  the  presence  of  C,  and  the  tube 
raised  to  a  temperature  Sco^  C.  for  eight  minutes  (1470°  F,)  :— 

Voftii>ie»  p«r  eait 
COb  CO 

Finely  divided  carbon 13-6  .•*  86*4 

Wood  charcoal  pieces,  2  mm-  10  5  mm,  cube  ,,.  39*9  .♦.  6o"i 

Coke  „  „  ,,         .„  79-1  ,..  30^ 

Gas  carbon    .  ^,  ,,  „         ..»  80M  **,  t^g 

From  this  it  is  evident  that  the  more  porous  the  carbon  the  easier 
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is  the  reduction  of  COa  to  CO  ;  the  gas  carbon  and  coke  being  very 
ciensCj  the  CO  formed  only  amounts  to  iiyg  and  209  per  cent,  respec- 
tively. Since  the  gases  move  rapidly  in  a  producer,  it  is  important 
that  the  fuel  should  be  as  porous  as  possible.  The  exact  size  is  a 
matter  of  experiment,  but  Mr.  Boudouard  experimented  on  the  subject, 
and  I  give  the  results  :  — 

Wood  charcoal  2  mm,  to  5  mm. 

,1  „         size  of  a  nut  (hazel) 

Coke,  2  mm*  to  5  mm..,. 

^,     (hazel  nut)  

Gas  carboni  2  mm.  to  5  mm.  „. 

„         ,j        (hasjel  nut)  

From  these  experiments  we  conclude  that,  other  things  being  equal, 
the  smaller  the  size  of  the  fuel  the  better  the  result.  One  of  the  main 
determining  factors  in  the  size  of  fuel  is  the  suction  pressure  required 
10  work  the  producer,  which  acts  the  same  as  a  back  pressure  on  the 
engine.  Also,  it  must  be  noted  that  if  the  gas  be  drawn  rapidly 
tbrough  the  producer,  the  percentage  of  CO-^  is  always  higtier  than  if 
the  movement  be  slow  ;  this,  of  course,  means  increasing  the  area  and 
diminishing  the  height  of  the  producer. 

The  actual  composition  of  gas  produced  by  the  action  of  steam  on 
carbon  at  different  temperatures  is  shown  by  Bondouard  to  be  : — 


Volui 

ti«  per  wot 

COa 

CO 

39'9 

..        601 

lyi 

...        82-9 

791 

209 

83'6 

i6'4 

80*  t 

...      19-9 

867 

-.       13*3 

Temp.  C. 

Per  cent,  of  Steam 
Dvcom  posed. 

CQiapoiiUoa  In  Vata. 

H 

CO 
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6,4 
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1,010 

1,060 
i,"S 
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41-0 
70-3 
94'o 
93'o 
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65-2 
652 
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633 

48-8 

S07 
50*9 

4<) 
7-8 

39'3 
497 
480 

48-5 

298 

27-0 

aa'9 

6-8 

i-S 
I '3 
06 

From  this  it  Is  evident  that  any  temperature  less  than  1,000^  C<  is 

insufficient  to  produce  gas  of  high  calorific  value  ;  it  will,  further,  allow 
the  reaction  CO,  -f  C  =  2CO,  and  will  prevent  CO  +  H,0  =  CO,  +  H,* 
In  selecting  a  coal,  having  examined  the  analysis  and  caJoritic  valuft, 
ascertain  the  percentage  of  ash  and  clinker »    Vt  \t*  vifcVl  \Q  TOak^  %ux% 
Vol.  38,  40 
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that  the  clinker  is  not  of  such  a  nature  that  it  is  likely  to  cling  to  the 
brick  lining,  and  will  be  soft  and  easily  dislodged  when  cleaning 
becomes  necessary.  Sometimes  the  clinker  refuses  to  leave  the  bricks, 
and  pieces  of  the  brick  come  away  in  cleaning.  Otherwise  good  coal 
should  be  rejected  for  this  fault,  as  the  relining  of  a  producer  is 
expensive  (£2^  for  a  50-B.H.P.  producer  is  about  the  cost),  to  say 
nothing  of  throwing  the  plant  out  of  service.  Of  course,  the  final 
criterion  of  a  good  coal  is  good  clean  gas  and  little  attention. 

Producer  gas  appears  to  have  been  first  used  in  connection  with  the 
gas  engine  in  1879.  The  thermo-dynamic  theory  of  the  engine  was  not 
then  fully  appreciated ;  whereas  according  to  D.  K.  Clark's  tests  at  the 
smoke  abatement  exhibition,  1882,  110*34  cubic  feet  of  gas  was  am- 
sumed  per  indicated  horse-power,  and  149*34  cubic  feet  per  brake 
horse-power,  to-day  we  can  easily  get  i  I.H.P.  for  65  cubic  feet,  and 
I  B.H.P.  for  75  cubic  feet.  To  Mr.  Dugald  Clark  we  are  largely 
indebted  for  careful  researches  into  the  problems  involved.  Of  the 
total  heat  energy  given  to  the  gas  engine  in  1882,  16  per  cent  was 
represented  on  the  indicator  card,  and  in  1900  30  per  cent  was 
indicated.  In  the  best  engines  to-day  30  per  cent,  of  the  heat  energy 
is  taken  up  in  the  cooling  water,  40  per  cent  is  lost  on  the  exhaust,  the 
remaining  30  per  cent,  being  useful  work.  There  is  nothing  more 
striking  than  the  change  in  the  compression.  While  in  188 1  35  lbs. 
was  considered  a  good  compression,  we  see  compressions  to-day 
ranging  up  to  170  lbs.  per  sq.  in.  on  engines  run  with  producer  gas. 
The  products  of  combustion  which  remain  in  the  cylinder  after  exhaust 
should,  if  possible,  be  expelled  from  the  cylinder.  The  entering 
producer  gas,  being  of  low  thermal  value,  loses  by  being  further  diluted 
with  the  exhaust  gas ;  while  if  fresh  air  were  admitted  it  would  contain 
oxygen,  which  would  be  of  value  in  helping  the  explosion.  Again,  the 
remaining  exhaust  gases  are  very  hot,  and  to  clear  them  out  tends  to 
cool  the  cylinder.  The  entering  gas  would  be  of  greater  density,  and 
consequently  of  greater  thermal  value  per  cubic  foot,  so  that  greater 
power  might  be  got  out  of  the  engine  for  a  given  size  of  cylinder. 
This  cleaning  out  of  exhaust  gases,  called  scavenging,  is,  however,  not 
universally  adopted.  The  amount  of  water  supplied  to  the  vaporiser  is, 
as  we  have  seen,  of  the  greatest  importance.  This  should  be  in  pro- 
portion to  the  load  at  any  time,  and  is  very  difficult  of  arrangement 
It  is  almost  impossible  to  govern  the  water  supply.  In  some  plants  the 
water  trickles  on  to  a  hot-plate,  where  it  flashes  into  steam,  and  the 
amount  of  water  can  be  governed  in  such  a  case.  Many  schemes  have 
been  devised  to  regulate  the  supply  of  water  to  the  vaporiser  other 
than  the  flashing  system  referred  to.  I  will  quote  two  :  First,  the  Watt 
system,  which  has  a  diaphragm  of  indiarubber  on  top  of  the  scrubber, 
and  from  this  by  a  system  of  levers  the  admission  of  water  to  the 
vaporiser  is  regulated,  each  suck  of  the  engine  drawing  down  the 
regulating  diaphragm  and  opening  a  small  tap,  which  allows  a  ccttun 
amount  of  water  to  be  delivered.  With  such  a  system  water  can  only 
be  delivered  at  each  suction  stroke  of  engine,  the  cock  being  shut  of 
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eatititne.    Another  arrangement,  which  I  ha%'c  seen  described,  con- 
ts  of  a  regulator  worked  by  the  air  suction.    There  arc,  no  doubt, 
ny  oUier  systems  of  regulation,  but  the  couple  we  have  considered 
Itrili  be  sufficient  for  our  purpose- 

Efficiency. — We  may  now  turn  our  attention  to  some  tests  on  suction 
producer  plantsi  Proceeding  scientifically,  we  should  first  ascertain 
the  heat  efficiency  of  the  producer^  which  is  a  lairly  simple  process. 
It  is  noti  however,  generally  necessary  to  know  the  heat  efficiency  of  a 
Producer.  The  composition  of  the  gas  in  producer  plants  is  said  to 
IPary  constantly  during  the  run,  but  that  tbis  may  be  kept  fairly  regular 
is  shown  by  a  diagram  in  the  book  by  Dowson  and  Larter,'*'  giving 
the  results  of  a  test  on  a  30*B,H.P,  suction  plant.  In  considering  the 
efficiency  of  a  suction  producer  plant  it  must  be  remembered  that^ 
E>wing  to  the  piston  of  the  engine  having  to  act  as  a  suction  pump,  the  gas 
Uld  air,  when  drawn  into  the  cylinder^  are  at  a  pressure  below  atmo- 
Bplieric  ;  the  mixed  gases  are  consequently  at  a  less  density  than  gas 
^nppljed  on  pressure  system  or  from  the  town  mains,  and,  therefore, 
Cither  things  being  equal,  of  less  thermo-dynamic  value.  This  is  a 
inatter  of  some  importance,  for  we  must  face  the  following  losses  : 
,{a}  extra  work  on  engine  sucking  in  charge  (this  we  can  estimate 
exactly  from  a  card  taken  ofif  engine) ;  {b)  reduced  power  of  gas  (tbis 
can  be  determined  by  an  analysis  of  the  gas  itself).  This  means  that 
the  engine  must  be  made  larger  than  for  town  gas  ;  how  much  larger 
we  shall  presently  see.  Let  us  first  examine  a  card  taken  off  an  engine 
working  on  suction.  Here  the  suction  is  equal  to  5  lbs.  below  atmo- 
^pphere,  which  is  the  same  as  taking  3  lbs.  off  the  average  pressure. 
Since  the  auction  of  the  engine  keeps  the  fire  in  the  producer  going, 
ll  may  be  asked  what  w*ill  happen  when  the  engine  is  working  at  low 
loadSi     Take  a  case  in  point.     An  engine  of  30  H-P*,  having  a  rated 

rd  of  250  r.p.m.,  will  take  something  in  the  order  of  120  sucks  of 
per  minute  at  full  load,  or  two  per  second.  If  we  have  a  large 
^expansion  box  and,  say,  12  ft.  to  20  ft  of  gas  pipe,  for  all  practical 
purposes  there  will  be  a  continuous  draught  on  the  fire*  Kow^  sup- 
posing we  take  the  same  engine  running  light,  it  would  probably 
take  18  sucks  per  minute,  or,  roughly,  one-seventh  of  the  full-load 
draught.  With  this  diminished  draught  we  must  have  a  falling  tem- 
perature, and  with  a  falUng  temperature,  as  we  have  previously  seen, 
we  must  expect  an  increase  of  CO;,^  with  a  corresponding  decrease  of 
CO  and  H.    1  give  an  actual  test  quoted  by  Mr.  Dowson  i^ 

I  Full  L/>;id,  per  eetit^  No  Load.,  per  ceaL 

I         CO         ...        27-65         ...         ...         -..         214 


CO 
H 

CO. 
O 

N 


BThU. 


Full  L/>;id,  per  eetit^ 
27-65 
9-85  ... 

3'8o 
o'3o 

58*40 

100-00 

Calorific  Power, 
128-9        -' 
•  "Producer  Gas,"  p.  i^ii 


7-0 
49 

100*0  vols. 
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It  will  thus  be  evident  that  there  is  a  loss  in  calorific  power  of 
almost  28  per  cent.,  which  will  at  once  upset  the  balance  of  the  mixture, 
and  the  engine  might  and  probably  would  shut  down  if  not  attended  to 
by  regulating  the  air  supply  to  it,  and  also  possibly  by  reducing  the 
water-vapour  supply  to  the  producer.  If  the  air  supply  be  heated,  say, 
by  the  exhaust,  it  helps  to  prevent  the  fire  temperature  falling  very 
much.  The  falling-off  of  power  is  shown  on  the  accompanying  cards 
(Fig.  i),  taken  on  a  no-load  run  : — 


Card  No. 

Time. 

Mean  Pressure. 

— 

2.50  p.m. 

, load  off 

— 

44 

...        3.5      >» 

„              ... 

76 

45 

3.15    » 

„              ... 

74 

46        ... 

3.25    *, 

„ 

74 

47 

3.45    »» 

•1              ••• 

435 

48        ... 

4.00    „ 

full  load       ... 

Decreasing 

49 

— 

Increasing 

50        ... 

— 

84-5 

48,  49,  50  were  taken  immediately  the  load  was  full  on.    In  48  the  card 
sbows  weakening  explosions,  49  strengthening  explosions,  and  50  shows 


264-4  lbs. 


00 


Explosions  bu  Exploi 

Comatic  dtaroer.     by   the 


auComaCic 


ilosions 
engine. 

Fig.  2. — Mathot  Explosion  Record. 


Engine  governing 
wit/houC  lodd. 


a  normal  full-load  card.  48  is  particularly  interesting,  as  showing  that 
the  first  effect  of  the  increased  draught  was  the  introduction  of  too 
much  steam  into  a  cool  fire,  and  a  consequent  falling  of  power,  to  be  soon 
recovered,  however,  as  the  air  draught  being  four  times  as  great  as  the 
steam  caused  the  fire  to  burn  out.  The  case  I  have  cited  is,  of  course, 
a  very  extreme  case — that  is,  throwing  full  load  on  to  an  engine  which 
had  been  running  on  no  load  for  some  time,  and  it  seldom  happens  in 
practice  that  the  full  load  is  thrown  on  all  at  once  ;  it  is  usually  put  on 
in  parts  and  gives  the  producer  a  chance  to  recover  itself. 

MathoCs  Explosion  Recorder, — Mr.  Mathot,  a  Belgian  engineer,  is  a 
recognised  authority  on  all  matters  connected  with  internal-combustion 
engines.  We  have  seen  that  the  explosions  immediately  following  one 
another  are  of  different  value  ;  it  therefore  becomes  necessary  to  take 
several  diagrams  overlapping  on  each  card  so  as  to  arrive  at  an 
average.  There  are  indicators  made  which  do  this  by  means  of  a 
clockwork  drum  in  place  of  the  usual  drum  on  which  the  record  paper 
is  fixed ;  such  an  apparatus  is  invaluable  if  a  careful  analysis  of  the 
cards  must  be  made  for  any  purpose.  Each  diagram  follows  its 
neighbour,  leaving  a  space  of  probably  i\f  in.,  so  the  records  can  be 
easily  followed.     These  apparatus  are,  however,  limited  in  use,  as  the 
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drum  must  be  very  large  to  take  many  records^  and  tbb  rncaos  that 
there  would  be  considerabJu  wt;ight  to  be  moved »  and  the  inertia  of  tha 
system  is  an  objection.  If  continuous  records  are  required,  the 
Mat  hot  explosion  recorder  is  %'ery  tisefui,  and  can  be  attached  to 
any  indicator.  All  that  is  neccss^iry  is  to  have  a  clockwork  drum 
attached  to  the  indicator  by  a  swing  arm,  which  enables  the  expbsion 
recorder  to  be  thrown  in  when  required  without  interfering  with  tin; 
ordinary  indications*  The  explosion  record  tells  us  the  value  of  tlii^ 
suction,  compression,  and  explosion,  and,  what  is  also  very  important, 
the  accuracy  or  otherwise  of  the  governing.  Presuming  we  start  up 
with  our  recorder  on  the  engine^  we  learn  what  is  happening.  Takt% 
for  cxampSe,  Fig,  2,  w*hicli  is  taken  from  an  engine  witti  an  atito* 
matic  starter  supplied  with  mixed  gases  at  atmospheric  presi>ure» 
The  value  of  these  explosion s^  and  the  rate  of  acceleration  can  be 
observed  at  once.  Six  charges  were  fired  by  tlie  automatic  stiirttT 
before  the  engine  took  the  business  in  hand,  and  it  will  be  seen 
that  the  first  explosions  are  much  more  powerful  than  those  follow- 
ing, In  this  case  tlie  engine  took  u;  explosions  before  attainiug 
full  speed,  and  the  compression  w^as  thrown  in.  .  The  speed  of 
rotation  of  the  drum  can  be  altered  so  as  to  pull  out  the  record  as 
much  as  desired,  but  this  will  give  fewer  records  on  the  drum,  A  con- 
tinuous band  of  paper  is  some  limes  used,  but  this  means  three  drums 
and  the  apparatus  becomes  cumbersome.  The  drum  usually  makes  one 
complete  revolution  in  two  minutes.  We  might  study  many  of  tbc^ 
records  and  glean  information!  but  time  will  not  permit  our  following 
out  the  most  interesting  subject  any  further  now. 

Stand-by  losses  are  always  a  matter  of  mucli  interest  to  rnglneers, 
and  there  is  scarcely  any  part  of  the  day's  work  that  there  is  such 
doubt  about.  Mr.  Dowson  cites  a  case  of  250-H.F.  plant  standing  for 
nine  hours  and  only  consuming  46  lbs.  of  coat  in  nine  hours*  This 
appears  very  low,  but  it  can  be  understood  if  the  whoJe  plant  were 
allow^ed  to  cool  considerably  during  stand-by  ;  in  other  words,  if  the 
draught  was  stopped  and  the  fire  probably  just  kept  alive.  This  is 
about  one- tenth  of  the  coal  required  to  keep  a  steam  boiler  of  the  same 
poweir  banked.  I  have  made  several  tests  on  the  stand-by  losses  in 
suction  producers,  and  have  found  them  to  vary  so  much  tliat  do  rule 
can  be  laid  down ;  probably  0-5  lb.  per  brake  horsje-power  for  10  hours 
would  be  a  safe  average.  In  one  case  I  had  returns  kept  of  stBnd*bf 
losses  on  a  ioO'H,P,  plant,  and  by  constant  attention  got  the  loss  on  n 
14-hour  stand-by  down  from  120  lbs.  to  about  50  lbs,,  or  =557  lbs.  per 
10  hours  on  loo-H.P.  plant  =  0357  per  horse -power  for  10  hours,  0-03$ 
per  horse- power  hour.  In  this  case  the  blow -off  or  escape  chimney  is 
about  40  ft*  high^  so  the  tendency  is  naturally  to  keep  up  a  good  draught, 
if  the  air  and  escape  valves  are  not  kept  prelt>^  tightly  closed.  In 
another  case,  a  70- H. P.  plant,  the  records  show  only  17  lbs.  stand-by 
on  10  hours,  or  0^024  lbs,  per  horse- power  hour.  In  this  case  the  chimney 
is  only  about  la  It*  \\\gt\,  m  tti^  dx^'a^A  H  viot  so  ijreat  i  still,  the  figure 
is  very  low    indeed,  aud  ^e^vi\t^%  N^iW^jm^,    N^\«iTv  xJsrpw™.^^  v 
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prcwJucer  planti  care  must  be  taken  that  the  engine  crunk  is  in  such 
a  position  that  the  air  and  gas  valves  arc  closed,  or  otherwise  there  is  a 
risk  of  blowing  the  gas  into  the  engine-room  from  the  air  valve  and 
pipe.  The  presence  of  a  high  percentage  of  hydrogen  in  prod  nee  r  gas 
tends  to  cause  pre-ignition,  and  it  has  been  found  that  under  those 
conditions  the  compression  cannot  be  carried  safely  beyond  120  lbs., 
and  requires  about  11,500  B.Th.U,  per  B.H*P.,  while  gas  which  is  rich 
in  CO  and  poor  in  H  will  not  be  liable  to  pre-ignition,  and  the  com- 
pression may  be  carried  up  to  170  lbs.  or  over  safely,  requiring  only 
9,500  B.Th,U.  per  brake  horse-pow*er.  Hence  it  is  well  to  keep  the 
percentage  of  H  fairly  low. 

We  wiH  now  look  at  some  tests  taken  here  last  year  on  a  suction 
pressure  plant.      The  plant  consists  of  an  Industrial  suction  producer, 
Stockport  engine,  and  Industrial  dynamo  direct-conpled  ;   plant  about 
70  H.P.     The  tests  ran  two  days.     The  first  test  was  to  determine  the 
friction  load  of  engine  with  dynamo  not  excited,  and  this  worked  out  at 
i8"9  LH»P*     This  looks  a  Httle  high,  but  the  engiue  had  three  bearings 
and  the  dynamo  two.    The  dynamo  was  also  a  large  machine  for  its 
output.    The  dynamo  was  rated  at  3375  k,w,  at  220  r^p.m*    The  next 
test  was  at  33  k,w.    The  indicator  card  worked  out  at  66*2  H,P.,  and 
the  gas  consumption  tested  by  using  one  of  our  holders  gave  46  cub,  ft* 
per  indicated  horse-power  and  92  per  kilowatt  delivered  at  switchboard. 
This  was  satisfactory  so  far.     A  second  gas  consumption  test  was  taken 
with  the  other  gasholder,  and  in  this  case  we  got  28*05  k.w.,  585  LH*P., 
60  cub.  ft.  per  indicated  horse -power  1 15  per  kilowatt.    The  average  of 
these  will  be  53  cub»  ft.  per  indicated  horse-power  and  103  ciib,  ft.  per 
kilowatt  at  switchboard.  Our  next  test  was  taken  at  39^;  k.w,  to  determine 
the  coal  consumption  ^  which  worked  out  to  0"8  lb.  per  indicated  horse- 
power and  1 4  lbs.  per  kilowatt  delivered  at  switchboard.  Some  alterations 
were  made  in  the  plant,  and  an  8  hours'  non-stop  run  was  made  on 
another  occasion,  and  for  4  hours  the  engine  was  taking  every  ex- 
plosion, so  was  at  full  load.   This  test  was  particularly  to  determine  the 
coal  consumption  under  new  conditions,  which  worked  out  as  follows  : 
5.55  p.m.— hopper  filled  upj  31 J  lbs.  put   in,  load  32*55  k.w.^  speed 
220   r.p.m. ;    6.50  p.m.— charged   hopper^  31I  lbs*   coal  (55   minutes' 
interval),  same  load  ;   7.45^ — charged  hopper,  31^  lbs.  coal  (55  fninntes* 
interval).     It  will  be  noticed  that  exactly  the  same  intervals  of  time 
show  that  the  producer  was  working  quite  regularly.     This  works  out 
at  o'68  lb.  of  coal  per  brake  horse-power  (a  figure  that  is  exceedingly 
low)  and  i'o6  per  kilowatt  delivered  at  switchboard,     The  producer 
plant  in  this  case,  although  well  able   to   keep   the  engine  going  at 
normal  load,  was  not  quite  up  to  the  overload  test,  and  had  to  be 
replaced  by  a  larger  one,  which  gave  between  25  and  30  per  centi 
spare  power.    The  exact  figures  are  :  the  plant  was  specified  to  make 
4,000  cub.  ft.  of  gas  per  hour,  and  it  made  sufficient  gas  to  keep  the 
plant  running  for  4  hours,  developing,  roughly,  39  k.w.  to  40  k,w.  at 
switchboard,  say  35*9  x  103  =  4,068  cub.  ft.  per  hour,  and,  at  the  same 
time,  raised  the  Isrge  holder  24 J  ins,,  rcptcs&n^\'ft%  \,\oa^  ^vfe.  SJu, 
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showing  a  liheraJ  margin  in  hand.  The  analysis  of  the  gas  wis  nol 
quite  as  good  as  one  might  expect  with  such  low  consumplioiif  and  vm^ 
from  an  average  of  four  samples  {sec  Table  below). 

Having  now  considered  in  a  somewhat  incomplete  manner  the 
fundamental  principles  on  which  the  suction  producer  operates,  let  us 
look  at  its  infirmities.  In  the  first  place,  there  is  often  ^reat  difBcutty 
in  starting  the  engine*  Having  made  sure  that  everything  about  llic 
gas  plant  is  in  order»  and  that  the  gas  being  given  off  is  of  proper 
quality »  we  proceed  to  start  our  engine.  This  is  usually  done  with  a 
compression  starter  of  some  sort — either  a  hand-pump  which  forces  the 
gas  and  air  into  the  cylinder  under  pressure,  or  a  pump  which  fills  a 
large  receiver  with  gaiii  and  air  at  atmospheric  pressure,  or  some  other 
device.  The  piston  having  been  brought  to  the  proper  position  for 
starting,  the  magneto  is  operated  by  hand,  and  the  charge  is  fired^ 
Should  the  magneto  fail  to  fire  the  charge,  usually  the  contact  in  the 
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explosion  chamber  will  be  found  wet,  forming  a  partial  short-circuit 
This  fault  is  very  common  after  the  engine  has  been  laid  aside  for  a 
day  or  two,  and  the  moisture  of  the  last  explosion  is  precipitated  on  the 
inside  of  the  cyhnder.  This  defect  is  easily  remedied  by  drying  the 
contacts*  Sometimes,  however,  the  ch«i.rge  fires  the  first  shot,  but 
the  engine  fails  to  pick  up.  This  may  he  due  to  many  causes;  the 
damp  on  the  contacts  may  again  be  the  cause.  The  ^is  and  air 
mixture  may  be  wrong,  or  the  gas  may  ho  weak.  If  the  mixture  N* 
wrong,  experiment  is  the  only  cure  ;  if  the  gas  be  weak,  the  producer 
must  be  further  blown  up  till  the  gas  is  right,  In  any  case  the  trouble 
is  %'cry  annoying,  and  oftentimes  very  difficult  to  get  oven  Once  the 
engine  gets  away»  the  compression  is  put  on.  There  is  usually  no 
further  trouble,  and  if  an  engine  is  systematically  difificult  to  start,  I 
would  recommend  a  petrol  starter,  for  when  once  the  engine  starts, 
it  will  itself  dravtf  up  t\\c  1t\tG  ifi^^ilVg  i:\\i\c>aX'^  'S.ti^.  -ycX^lt^  ^ci^^  Iq  work. 
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Having  adjusted  the  air  and  gas  for  our  load»  the  plant  will  take  care  of 
itself  for  a  couple  of  hours,  provided  the  load  is  not  very  variable  ;  if 
it  bCi  we  may  get  into  trouble.  If  the  load  falls  off,  thfe  draught  on  the 
producer  also  falls  off  and  the  temperature  of  the  lire  goes  down,  with 
the  resultj  as  we  should  expect,  of  inferior  gas^  and  the  engine  may  fail 
to  fire  charges  at  proper  timCj  or  may  hack  lire,  and  shut  down.  This  is 
prot»ably  the  most  annoying  and  most  difficult  trick  to  overcome  that  gas 
plants  are  suhjt;cl  to.  First  let  us  assume  that  the  plant  is  hkely  to  be  run 
at  very  light  load  for  any  length  of  time.  In  order  to  keep  up  the  draught 
on  the  producer,  the  go%'ernor  of  the  engine  may  be  fitted  with  a  step  die, 
which  will  cause  the  engine  to  take  a  small  charge  of  gas  every  cycle, 
but  not  enough  to  make  an  explosive  mixture  with  the  full  supply  of 
air.  This  arrangement  generally  meets  the  case — of  course,  if  the 
plant  be  only  running  light  for  short  periods,  this  will  not  be  necessar}'. 
I  need  scarcely  say  the  use  of  a  step  die  does  not  help  the  efficiency  of 
the  plant  in  coal  consumption. 

The  next  difficulty  (and  it  has  its  origin  in  a  similar  cause — namely, 
the  variation  in  quality  of  gas)  is  if  the  gas  has  too  much  hydrogen.  Let 
us  -say  the  average  quality  of  gas  w*as  CO  24  per  cent.,  H  8  per  cent., 
and  that  from  an  excess  of  steam  we  get  CO  15  per  cent*,  H  17  per 
cent, — which  is  not  a  bad  g;is  at  all,  Pre-igtiilion  might  occur  if  the 
compression  were  fairly  high  and  the  cylinder  hot*  As  H  is  very  likely 
to  pre- ignite  if  the  conditions  are  favourable,  the  re^iult  is  just  the  same 
—the  engine  will  slow  down  if  not  relieved  of  some  load.  When  Uie 
load  IS  taken  oH,  generally  speaking,  air  and  gas  adjustment  set  things 
right,  but  if  at  an  increase  of  load,  and  nearly  at  the  Itmit  of  power,  it 
is  almost  impossible  to  stop  the  preignition,  and,  therefore,  we  must 
try  and  guard  against  it  by  keeping  the  cylinder  as  cool  as  possible. 
Whereas  with  town  gas  the  circulation  water  may  safely  attain  a  tem- 
perature of  110^  F.  on  the  hot  side,  with  producer  gas  the  hot  circula- 
tion water  should  not  exceed  no"  F.  We  must  also  keep  the  quahly 
of  the  gas  as  constant  as  possible  by  effective  stoking.  Most  producer 
makers  tell  us  that  a  producer  requires  no  attention.  That  may  be  true 
within  certain  limits,  but  for  very  variable  loads  a  producer  requires 
attention  every  couple  of  hours  at  the  very  outside.  We  have  seen 
that  it  is  possible  to  get  blowholes  or  cavities  up  through  the  combus- 
tion zone.  This  can  be  prevented  by  stoking  fairly  often  and  keeping 
the  level  of  coal  in  the  producer  constant  by  filling  in  coal»  say,  every 
two  hours*  This  keeps  the  pressure  of  material  fairly  constant,  and 
tends  to  prevent  cavities  forming  and  irregular  gas  being  generated. 
Also,  the  engine  attendant  knows  from  his  governor  what  work  the 
engine  is  doing,  and  he  can  regulate  the  water  supply  accordingly — 

rthat  is,  in  the  absence  of  any  reliable  automatic  device.  Another  cause 
of  pre*ignition  is  supposed  to  be  due  to  particles  of  free  carbon  in  the 
cylinder,  or  a  deposit  of  fine  soot  on  the  back  of  the  piston  ;  for 
example,  the  slightest  little  excrescence  will  form  a  very  suitable  point 
I  for  liring,as  it  must  be  remembered  tliat  the  piston  is  about  the  hottest 
I    part  of  the  engine,  an  J  a  slight  excess  of  heat  dvie  1<J  com'^i^^xQvv  n^'^ 
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U  fGv  33tk  the  mak^*  for  lo&^RH-P.  esgiiie  oti  gjCtioa  g^^  be  «il 
probably  qaotq  yoa  for  an  eogiiie  ibat  will  g^  loo  E.I1.P,  ai  lus  &mi 
wofk%  ami  not  at  your^ — that  Is  to  sajr,  tlie  eti^isie  wiU  ondoiifalwdlj 
give  tlie  power  imder  tml  cooditkiiis^  bat  doI  luida'  ordinary  cos- 
piercial  condltiocis.  If  y  tdm  Is  thai  at  oannai  foil  lo«i  ttie  es^ae 
shcnild  ini»9  25  per  cenl.  aad  6re  75  per  cent  dt  tbe  diar^gK^  tliis 
leaver  a  fair  margtn  to  goiutn  00,  and  if  the  en^oe  be  rtmaing  at 
rated  full  load  a  slight  vanalioD  in  qcality  of  gas  will  not  w/euk  B 
*top  ;  for  if  the  gas  t>e  rushed  through  the  producer^  it  is  very  lifeclf, 
iirtlc»&  most  carefully  handled^  to  come  over  very  liot,  and  may  erca 
heat  up  the  scrubber  to  such  an  extent  that  the  gzs  cannot  be  eookd 
to  ait moi^ph eric  temperature^  and,  as  a  consequence,  fnll  povrer  win  flOf 
be  obtained.  Suppose  the  temperature  of  the  air  be  60°  F.*  and  tbe 
scrubber  is  passing  gias  at  400^  F:,  the  caloriftc  value  of  the  ^  «lll 
only  tie  ^ix-tenths  of  its  value  at  temperature  of  air ;  consequently  the 
engine  could  not  possibly  give  its  power » also  the  gas  would  not  be 
cteafii  so  it  is  of  the  first  importance  to  have  the  plant  and  scrubber 
big  enough  and  an  ample  supply  of  clean  water.  The  amount  of 
water  required  for  scrubbing  varies  very  much  with  different  makers, 
from  f  I  gallons  per  brake  horse-power  to  3  gallons — probabiy^  g*illons 
per  brake  horse* power  would  be  a  fair  average,  I  have  recently 
tested  a  plant  taking  just  1 J  gallons  per  brake  horse*power  hotir.  and 
the  plant  was  dcUvCTing  quite  cold  gas.  As  I  am  speaking  of  cooling 
water,  let  mc  say  just  a  word  about  cylinder  cooling  whaler.  Thii 
should  be  free  from  iimc  if  possible,  otherwise  the  jacket  will  soon 
get  blocked  up  and  the  cylinder  cannot  be  kept  cooL  I  have  tiom 
enumerated  some  of  the  troubles  which  I  have  met  myself;  of  oours4% 
other  users  have  met  other  troubles,  which  I  hope  they  will  tell  us  >ll 
about. 

I  wish  to  acknowledge  my  indebtedness  to  Mr.  Emerson  Dowson 
who  kindly  lent  me  the  original  drawings  of  the  apparatus. 


Discussion. 

ThL-  The  Chairm^m  {\U,  T.  Tomlinson] :  I  have  found,  generally  spc^kk- 

''"^""     Ingf  that  the  chid  troubles  i£Ttv*it\e;Y\c?v^  ^n\NX\  ^\a^\^  ^  s:^^ ^^^e  is  due 
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lo  irregularities  in  the  quality  and  thermal  value  of  the  gas  generated.   The 

remember  particularly  one  producer,  of  the  Dowson  type,  which  the       ^  ^^^^* 
expert  left  without  re]^u!ating  the  water  supply  to  producer.     I  tried 
every  means  within   my  knowledge   to  get  the   plant  to  work  sati^- 
iactoriiy,  but  without  success ;  finally  I   had  to  send  for  the  expert, 
,wbo,  by  simply  adjusting  the  height  of  water  in  producer^  removed  all 
source  of  complaint.    A  trouble  often  experienced  with  this  type  of 
plant  is  owing  to  the  w*ater  nozzles  which  feed  the  producer  becoming 
blocked,  and  this  is  a  matter  which  requires  frequent  attention.     I 
think  the  success  of  the  Dowson  plant  is  largely  due  to  the  simple 
method  of  water  adjustment.    The  effect  of  suddenly  changing  from  a 
small  load  to  a  large  one  was  at  one  time  very  real,  but  that  has  now 
been  overcome  to  a  very  large  extent.    There  is  absolutely  no  doubt  as 
to  fuel  economy  as  compared  w^ith  steam  plant,  althou|Th  the  plant 
is  not  quite  ^o  reliable  as  one  could  wish*     I  think  that  such  a  plant 
>  installed  in  an  electric  lighting  station  for  the  purposes  of  takin|T  the 
*'  peak  load"  would  result  in  considerable  economy^  as  the  "stand-by" 
losses  are  insignificant  compared  with  st«;am  plant.     I  am  of  opinion 
that  means  of  storing  the  gas  should  be  provided,  and  taking  a  hypo* 
thcticaj  case — say  a  small  lighting  station — and  working  out  the  size 
of  the  plant  necessary  to  make  and  store  suflicient  gas  in  the  course  of, 
say,  twenty- four  hours,  it  is  suprising  bow  small  a  plant  will  do  the 
work  ;  but  how  far  one  can  go  in  that  direction,  of  course^  is  a  purely 
financial  question,  depending  upon  the  cost   of   the  gasholders,  etc. 
Producer  gas,  although  not  of  high  calorific  valne^  is  more  economical 
for  use  in  gas  engines,  owing  lo  the  fact  that  very  much  higher  com- 
pression can  be  obtained  with  It  in  gas  engines,  and   consequcjitly 
increased  thermal  efficiency,  than  would  be  the  case  with,  say,  town 
gas.     In  conclusion^  I  am  not  so  sure  that  gas-engine  makers  do  over- 
rate the  power  of  the  engines  they  sell.     I  think  that  very  often  the 
user  underestimates  what  he  needs^  and  then  condemns  the  enginc- 
I  maker. 

Mr,  Wm.  Tatlow  :  My  experience  of  suction  plants  is  that  they  are  Mr.  Tatiow, 
likely  to  fail  when  momentarily  overloaded,  owing  to  the  reduction  in 
the  calorific  power  of  the  gas.  In  order  to  overcome  this  difficulty,  I 
have  thought  of  trying  an  arrangement  whereby,  in  the  event  of  the 
engine  slowing  down  unduly,  the  engine  governor  would  cause  to  be 
injected  into  the  expansion  box  a  few  drops  of  some  volatile  hydro- 
carbon, thus  enriching  the  poor  gas  and  keeping  the  engine  going  to 
tide  over  the  interval  of  bad  gas  until  the  producer  fires  recover.  Such 
a  contrivance  would  be  particularly  useful  where  the  plant  is  used  for 
driving  circular  saws,  and  in  any  case  where  the  conditions  arc  severe* 
I  think  that  producers  are  being  steadily  improved,  and  will  be  more 
reliable  in  the  future.  Another  point  worthy  of  consideration  is  that 
some  of  the  ctieaper  qualities  of  Irish  coal  contain  a  considerable  pro- 
portion of  sulphur,  and  cannot  be  used  in  producers  ow4ng  to  the 
sulphur  condensing  and  forming  sulphurous  acid,  which  attacks  llv^ 
pistons  and  cylinders^    To  get  over  this  dlfhcuVi^  1  sM^'ti^H.  ^^  ^is^  ^ 


.  Tatkm. 


Iheardown^ 


Ir.  Taylor. 


Mr.  KvUle. 
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Ume  water  in  the  scrubber.  Sulphur- bearing  coa>b  can  be  got  cheap, 
because  people  wilt  not  use  them  on  account  of  the  difliculty  referred 
to,  I  shoutd  like  to  ask  Mr  Forte  whether  in  his  experience  a  g^ 
plant  uses  less  water  than  an  equivalent  non -condensing  steam  plant  ? 
As  regards  the  simplicity  of  working  producer  plant,  I  know  of  a  plant 
near  Wicklow  which  is  rnn  solely  by  two  w*onien, 

Mr,  W.  J.  II.  SowTER  ;  As  a  central  station  engineer  the  subject  has 
a  particular  f^isci nation  for  nie.  I  have  looked  into  the  matter  pretty 
closely,  but  think  it  is  not  politic  to  put  down  a  plant  which  can  be 
used  with  practically  only  one  particular  class  of  coal,  for  obvious 
reasons,  1  suggest  that  the  combination  of  steam  and  gas  pJant  in  a 
central  station  would  be  economical,  because  much  of  the  heat  u-asted 
in  the  gas  blast  could  be  utilised  on  the  steam  side,  and  there  would 
be  very  little  waste  heat.  There  are  large  "  stand-by  "  Josses  in  steam- 
driven  stations,  and  tliese  can  be  greatly  reduced  by  the  use  of  gas 
plant.  Gas  plant,  however,  must  be  absolutely  reliable  before  it  an 
be  installed  to  any  extent  in  public  supply  works.  Another  important 
consideratiou,  too,  is  the  capita^ cost  of  the  plant* 

Mr.  P*  S*  Shkarliow^v  :  I  think  that  the  difficulty  of  varying  the 
water  and  air  supply  to  the  producer  can  be  easily  got  over  by  con- 
trolling the  admission  by  the  engine  governor,  and  1  really  cannot  see 
where  the  great  difficulties  come  in,  although  1  have  never  run  a  pro* 
ducer  myself.  Personally  I  should  feel  nervous  if  I  had  to  start  up  a 
lot  of  gas  engines  with  the  load  coming  on  rapidly,  Will  the  author 
kindly  say  why  it  is  that  very  large  gas  engines  are  reputed  to  give  so 
much  more  trouble  from  back-finng  than  small  engines  ?  It  has  been 
stated  that  very  large  gas  engines  arc  less  efficient  than  small  ones.  Is 
this  due  to  the  fact  that  the  large  engines  cannot  woi  k  at  so  high  a 
compression  owing  to  the  back-tiring  difficulty  ? 

Mr  j»  Tavlok  :  Are  any  of  the  responsible  engineers  present  prepared 
to  consider  seriously  the  installing  of  large  gas  plants  ?  I  notice  that 
most  of  the  people  who  use  gas  plants  are  not  engineers  at  all,  which 
in  itself  is  suspicious,  I  recently  inspected  a  plant  having  six  500- H.P* 
engines  in  Scotland,  aud  the  experience  was  sufficient  to  last  me  a  life- 
time— the  noise,  heat,  smell,  and  chattering  were  appalling,  i  am  told 
that  a  1,000  H*P,  Koerting  engine— another  plant  I  have  inspected— 
works  fairly  satisfactorily  at  half  to  three-quarter  load,  but  if  it  w^ere  run 
at  full  load  for  any  length  of  time  it  would  be  speedily  knocked  to 
pieces  I  I  think  no  sane  engineer  would  go  in  for  gas  driving  on 
large  scale  at  the  present  time, 

Mr.  L.  Kettle  :  Are  the  hgtircs  distributed  broadcast  by  the  engi 
makers  founded  on  facts  or  only  tests  ?      I   anticipate  considerable 
trouble  if,  say,  three  or  four   i,ooo-H,P,  gas-driven  alternators 
running  in  parallel  and  one  or  more  starts  back-firing. 

-  Mr.  A,  K-  PukTE  (in  rvpty) :  Referring  to  Mr.  Tomlinson's  remarks, 
the  stopping  up  of  the  water  no^ales  is  one  of  the  most  serious  defects 
in  the  type  of  plant  alluded  to  ;  many  other  methods  of  regulating  the 
wafer  ^supply  are   in  vog^vxe,  -sovcka  ol  ^^\^  ^^  V^wVj  ^i^i^^^^s^ut 
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Reganling  the  use  of  gasholders,  I  have  laid  down  one  plant  where  Mr.  Porte, 
there  were  t\vo  old  existing  gasholders  which  were  utilised,  and  proved 
valuable  additions  to  the  plarU  in  various  ways.  Referring  to  Mr« 
Tat  low's  suggestion  to  inject  a  small  quantity  of  hydro- car  tjon  to  act  as 
a  **  pick-me-up"  to  a  failing  gas  engine,  I  have  thought  of  trying  that 
method,  but  the  gas  makers  seem  to  object^  so  that  I  have  not  so  far 
tried  the  ejtperiment.  I  think  the  addition  of  lime  water  to  the  purifiers 
to  get  over  the  sulphur  difficulty  well  worth  trying.  The  usual  quantity 
of  water  consumed  by  a  gas  plant  is  15  lbs*  per  brake  horse-power 
hour.  In  reply  to  Mr*  Sowter's  remarks,  peat  can  be  used  in  producers, 
but  as  peat  usually  contains  some  90  per  cent*  of  water,  means  would 
have  to  be  taken  to  reduce  the  water  to  40  or  50  per  cent*  before  the 
peat  could  be  used  for  gas  making.  Mr.  Taylor  is  somewiiat  pessimistic 
regarding  gas  plants.  I  have  had  a  good  deal  to  do  with  gas  engines, 
and  certainly  my  experience  does  not  coincide  with  his,  1  could  men- 
tion a  mill  where  the  steam  plant  has  been  taken  out  and  two  loo-H.P* 
gas  engines  subslityted.  The  engines  are  looked  after  by  the  man  who 
formerly  ran  the  steam  plant,  and  no  stoppages  have  occurred*  A 
saving  of  ^^400  per  annum  is  effected  by  the  change*  Regarding  the 
statement  that  engine  makers  do  overrate  their  plant,  I  am  sure  that  is 
so*  A  short  time  since  1  purchased  a  ioo-B.H*P.  enginCj  and  the  most 
1  can  get  out  of  it  is  1003  B.H*P.  1  consider  there  should  be  a  margin 
of  not  less  than  25  per  cent* 
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THE   ELECTRIC   POWER   INSTALLATION   AT 
GRANGESBERG   IRON    MINES,  SWEDEN. 

By  G,  Ralph,  Member. 

( Abstract  of  Paper  ft:^d  at  Meeting,  February  4,  1907.) 

The  Grangesberg  Iron  Mines  belotig  to  the  largest  iron  mining 
company  in  Sweden,  and  arc  situated  some  200  miles  north* west  of 
Stockholm.  Many  thousands  of  tons  of  ore  have  been  obtained  from 
the  surface  workings,  which  have  now  reached  a  depth  of  over  300  ft* 
Shafts  have  been  stiok  at  the  foot  of  the  hill  to  a  depth  of  about 
600  ft.,  and  will  be  deepened  gradually  as  the  vein  is  worked  out  and 
new  cross  roads  are  required  to  meet  it  at  low^er  level Sj  till  a  final  depth 
of  about  1,800  ft.  is  reached. 

The  power-station  is  sttoated  at  a  waterfall  about  18  miles  away,, 
and  three-phase  current  is  transmitted  to  the  mine  at  8,500  volts 
pressure  by  an  overhead  line»  (It  may  be  mentioned  that  in  all  the 
electrical  transmission  of  power  schemes  in  the  country*  overhead 
wires  are  employed.)  The  high-tension  current  is  transformed  down 
to  430  volts  at  the  mine  sub-station,  A  synchronous  motor  coupled  to 
a  direct-current  generator  is  installed  to  provide  continuous-cyrrent 
supply  for  the  winding  engine.  This  set  is  of  about  400  H.P.,  and  the 
reason  stated  for  the  employment  of  a  motor-generator  instead  of  a 
rotary  converter  is  that  the  comparatively  high  periodicity  of  70  i» 
used.  Alsoi  the  over-excited  synchronous  motor  is  said  to  improve  the 
power  factor  somewhat.  This  motor-generator  runs  continuously, 
charging  a  battery  of  245  Tudor  cells  having  a  capacity  of  600  ampere- 
hours  at  a  very  high  discharge  rate.  They  were  found  on  test,  however, 
to  be  capable  of  a  discharge  of  900  ampere-hours.  The  battery  it 
divided  into  three  sections,  arrangements  being  made  to  charge  two 
sections  only  at  a  time.  The  battery  operates  in  parallel  with  tl! 
motor -generator  when  winding  is  in  progress. 

The  winding  machinery  is  the  most  interesting  part  of  the  installa* 
tion.  The  winding  drums  (Figs,  i  and  la)  arc  of  the  tapenng  spinil 
type,  frequently  used  both  here  and  abroad  to  compensate  for  the 
weight  of  the  ropes  and  to  facilitate  acceleration.  On  arriving  at  the 
pjt-head  gear ,  the  bucUcl  U  a.ulQm^\\t:A\Y  \.y^'^4  h^  curved  guides,  and 
the  material  is    deVWeted   to  \.W  lt^v€&?a^  ^OT>a&%  ^i^VV'^^  ^^'^^scw  \p| 
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induction  motors,  as  is  practically  all  other  macf^nery  at  the  pit^head. 
The  daily  output  is  at  present  about  1,200  toas. 

As  shown  by  the  itltistration  in  Fig.  i ,  there  is  a  motor  at  the  outer 
end  o(  each  winding  drum,  the  aniiatures  being  mounled  direct  upon 
the  drum  shafts  with  no  outer  bearing.  Each  motor  i^  a  i&-pole 
machine,  designed  for  an  output  of  500  B.H.P.  at  a  speed  of  38  rpjn. 


The  two  motor?^  weigh  45  tons.  The  armatures  arc  8  ft.  in  diameteft 
commutators  6  ft*  diameter,  with  Ija48  sectionSi  The  field  magnets  are 
compound  wound,  the  ratio  of  shunt  ampere-turns  to  scries  ampere- 
turns  being  3  to  5  at  normal  fuJl  load  and  9  to  11  at  starting*  The 
current  density  in  the  artrta^u^^i  CQwivic^o^s  w  extremely  high,  reach uig 
the  Bgiir«  of  10,000  ampett^  pet  w^^jaas^  KxtO^  ^-^X^^^  -s.v  ^>axs:m^.    M. 
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the  present  time,  now  that  winding  is  done  from  a  comparatively 
shallow  sliaf t,  the  two  machines  are  coupled  in  series,  giving  a  speed  of 
only  19  r,p*m.  They  will  be  coupled  in  parallel  and  the  speed  doubled 
when  the  shaft  is  deepened.  The  controlhng  apparatus,  which  is 
^hown  in  Fig,  3,  is  extremely  simple  to  manipulate,  and  seems  to  he 


I-ifi.  s. 


thoroughly  well  Ihougiit  out  and  designed,  and  operates  in  a  mo»l 
perfect  manner.  The  whole  of  the  operations  are  eontrotled  by  one 
lever.  This  lever  works  in  the  inverted  U-shaped  slot  in  a  steel  plate, 
shown  in  the  illustration  with  cross-sectional  hning.  The  levet  i<. 
shown  in  the  "off'*  position.  The  direction  oi  rolaWoii  cA  \^^.t  ^wahjst'?* 
Vol,  38,  41 
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and  winding  drums  depends  upon  which  side  of  the  slot  the  lever 
Is  pushed  forward  in.  The  movement  of  the  lever  from  the  "off" 
position  into  the  short  tail  slot  pnts  on  the  brake  gean  The  circuit  is 
always  made  and  broken  on  two  single-pole  circuit  breakers  fitted  with 
magnetic  blow-outs. 

The  rheostat  for  inserting  and  cutting  out  resistance  in  the  arniature 
circuits  consists  of  a  large  commutator  (shown  in  the  top  right-hand 
corner  in  Fig.  3).  This  commutator  is  mounted  with  the  segments 
vertical  in  a  fixed  position  j  an  arm  carrying  cart>on  brushes  mounted 
on  a  vertical  axis  is  moved  round  the  commutator  by  means  of  a  rack 
and  pinion^  and  in  rotating  cuts  out  the  resistance  gradually  segment 
by  segment.  The  resistance  consists  of  cast-iron  V-shaped  strips  boUed 
between  the  commutator  arms,  and  easily  removable  should  a  burn-out 
occur.  The  rack,  %vhich  gears  with  the  pinion  keyed  on  the  movable 
brush  ;irni,  is  operated  by  air  pressure,  the  air  cyhnder  being  shown  on 
tbe  right*hand  side  of  the  circuit  breakers  below  the  commutator.  A 
vacuum  dash-pot  cylinder^  not  shown  in  the  illustration,  is  6xed  in 
tandem  with  the  pressure  cylinder,  and  controls  the  rate  of  movement 
of  the  piston,  providing  an  easy  means  of  adjustment  of  the  length 
of  time  which  it  is  desired  to  elapse  for  the  cutting  out  of  tlxe 
resistance. 

The  method  of  operation  is  as  follows  :  Forward  movement  of  the 
lever  in  either  slot  causes  the  lever  to  catch  against  a  trigger  which 
opens  a  valve  and  admits  compressed  air  to  a  cylinder,  which  forces 
the  two  circuit  brt;akers  on  that  side  to  the  *'  on  '*  position,  thus  closing 
the  main  circuit.  Air  pressure  is  also  admitted  to  the  cylinder  which 
operates  the  rheostat  arm  by  means  of  a  double-piston  valvCj  which  is 
linked  up  to  the  starting  lever.  The  rack  is  then  pulled  downwards 
with  a  slow,  uniform  motion,  and  the  resistance  gradually  cut  out  of  the 
armature  circuit.  In  stopping,  the  lever  on  its  return  movement  trips 
the  lower  trigger  in  the  slot,  and  mechanically  knocks  off  the  hold-on  ^ 
catches  of  the  two  circuit  breakers,  thus  breaking  the  circuit.  It  also 
first  moves  the  bell-crank  lever  connected  to  ttie  valve  rod  of  the 
pressure  cylinder  and  admits  the  compressed  air  to  the  bottom  end 
of  the  cylinder,  which  then  returns  the  moving  arm  of  the  rheostat 
quickly  to  the  starting  position,  inserting  all  the  resistance  in  the 
armature  circuit. 

There  is  other  gearing  in  connection  with  this  air-pressure  cylinder, 
the  action  of  which  is  as  follows.  There  is  a  toothed  quadrant  also 
gearing  with  another  pinion  on  the  rheostat  arm.  This  quadrant  is 
connected  by  a  rod  to  the  connecting  rod  between  the  starting  lever 
and  the  bell-crank  lever  which  operates  the  valve.  As  the  rheostat 
arm  rotates  the  quadrant  is  moved  in  a  downward  direction,  which 
pushes  the  connecting-link  closer  to  the  fulcrum  of  the  bell -crank 
lever,  which  is  slotted  for  this  purpose.  Having  moved  the  connect- 
ing rod  closer  to  the  centre,  it  is  evident  that  a  small  backward 
movement  of  the  starting  lever  will  not  only  move  t^^  ^^V^^  \g  S!^^fc 
'*' off  "position,  but  wiJJ  open  the  valve  to  admW  au  ^t^^'^ux^  V^i  Sfe.^ 
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bottom  side  of  the  piston.     In  this  way  the  engtne-tna.ii  can  Gonti 
the  speed  of  winding  when  approaching  the  end  of  each  wtfid,  aa  i 
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can  insert  as  much  resistance  as  required  in  the  armature  circui 
Having  moved  the  starting  lever  to  the  ''off"*  position,  the  apcral< 
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can  jamb  on  the  brak«i^  b^  ^xaWvw^  vt  bick  into  the  tail  slot,  whi< 
opens  a  vuive  lo  admit  com^^e^st^  ^\t  \n  v\v^\j(o£*&  cf^Ks^ii^x^.  '^fc*:^^ 
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ny thing  fail  in  this  valve  gear,  a  treadle  is  provided  in  coutiection  with 
nother  valve  and  air-pressure  supply*    There  arc  also  emergency  hand 
nd  foot-brakes  should  the  compressed  air  supply  fail     In  addition  to 
this,  in  the  event  of  overwinding  frorn  any  cause  the  brakes  are  put 
on  automatically  by  the  winding  drums  themselves  tripping  a  heavy- 
weighted  lever. 

The  air  pressure  referred  to  is  supplied  by  a  compressor,  driven  by 
an  induction-motor  in  the  winding* engine  house*  The  compressor  is 
of  great  size,  and  supplies  compressed  air  for  rock  drills  and  other 
purposes  in  the  mine  at  75  lbs.  per  square  inch.  The  gear  shown  in 
Fig.  1,  on  the  left-hand  side  of  the  motor,  is  for  operating  the  friction- 
clutch  mechanism,  when  required,  through  the  hollow  shaft  of  the 
winding-drum.      Men   are    sent    down    and   brought    to    bank  by   a 
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separate  winding-gear  driven  by  an  induction  motor.  There  is  also 
in  the  winding-engine  room  a  ioo-k*w,  mot  or- gene  rat  or  for  supplying 
direct  current  at  500  volts  for  the  use  of  the  mine  locomotives. 

The  speed  of  winding  is  arranged  for  a  mean  speed  of  10  ft,  per 
second  for  a  shaft  depth  up  to  about  goo  ft.  When  the  shaft  reaches 
greater  depths  the  motors  will  be  put  in  parallel  and  this  mean  speed 
doubled.  The  normal  load  in  the  cage  bucket  is  5  tons  of  m.tterial,but 
it  may  be  anything  tip  to  7^  tons,  owing  to  the  variation  in  the  weight 
of  a  given  bulk  of  material,  depending  on  the  proportions  of  iron-ore 
and  stone,  etc.  The  l>ucket  and  the  unbalanced  weight  of  rope  bring 
this  up  to  a  maxinmm  load  of  10  tons,  upon  w^hich  calculations  have 
been  based.  The  time  for  acceleration  is  about  10  seconds,  and  the 
current  reaches  a  majtimum  of  about  1,300  amperes  for  a  few  seconds, 
about  one-half  oi  which  is  supplied  by  Uie  baltery* 
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Some  curves  prepared  by  Mr;  Nordeuiitrom  arc  shown  io  Figs*  4,  S* 
and  6j  giving — 

A,  Time  in  seconds  for  one  wind  at  various  loads* 

B»  The  speed  of  rope  in  metres  per  second  at  various  loads, 

C,  The  revolutions  per  minute  of  motors  at  various  loads. 

D,  The  total  electrical  energy  supptied  per  wind  at  Viurioas  loads 

E,  The  iisef  ul  work  on  the  ropes  at  vajrious  loads. 
F*  Kilowatt-hours  pci'  ton  lifted* 

G.  Kilowatt-hours  per  wind  supphed  to  the  motors  at  vanous  load^ 
H.  Actual  kilowatt-hours  required  at  the  ropes  per  wind  at  various 

loads* 
J*  Efficiency  curve  plotted  from  G  and  H. 

There  are  three  electric  locomotives  employed  in  the  mine.  Each 
is  equipped  with  two  motors,  and  capable  of  exerting  a  draw  •bar  puU 
of  600  lbs.  at  a  speed  of  7i  miles  per  hour.  The  tubs  weigh  aboot 
6  cwt.,  and  carry  a  load  of  2i  to  34  tons.  They  are  usually  made  up  b 
sets  of  about  eight,  but  occasionally  the  locomotives  haul  sets  of  15 
tubs*  The  current  at  500  volts  is  collected  from  overhead  wires  sup- 
ported on  insulators  spaced  about  13  ft.  apart,  the  rails,  which  are,  ol 
course,  bonded,  serving  as  the  return,  Siemens  pattern  bow  collectors 
are  fitted  on  the  locomotives,  there  being  two  on  each,  one  for  each 
direction,  the  leading  one  being  always  out  of  contact.  In  the  limited 
space  in  underground  roads  there  is^  of  course,  insufficient  room  to 
reverse  the  collector  wheti  the  direction  of  travel  is  reversed,  hence 
the  use  of  the  two  bows.  There  are  earthed  guard  wires  run  alongside 
the  trolley  wires,  to  minimise  the  danger  of  the  miners  getting  a  shock 
from  accidentally  touching  the  live  wires  with  rock  drills  or  anything 
else  they  may  be  carrying  on  their  shoulders.  In  addition  to  the  three 
locomotives,  there  arc  several  little  portable  hauhng  engines,  mounted 
on  trucks,  each  consisting  of  a  motor  coupled  to  a  drum  on  which  a 
wire  rope  is  coiled.  These  are  used  for  drawing  tubs  ont  of  galleries 
extending  beyond  the  main  roads,  which  are  not  quipped  for  the 
electric  locomotives* 

I  am  largely  indebted  to  the  engineer  of  the  mine,  Mr.  Eric 
Nord  en  Strom,  who  designed  all  the  mechanical  arrangements,  and 
to  Mr,  Clayton,  the  designer  of  the  electrical  machinery,  for  the 
information  contained  in  this  paper* 
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Containing  a  Description  of  the  L.C.C.  Tramways 
Greenwich  Power  Station  Switchgear. 

By  Frank  Walker,  Associate  Member. 

(Abstract  of  Paper  read  February  12,  1907.) 

General  Remarks. — Remote  control  switchgear  for  generating 
stations  containing  large  units,  generating  extra  high-tension  current, 
is  of  very  recent  development  in  this  country.  A  description  of 
the  switchgear  installed  in  the  new  Greenwich  generating  station  of 
the  London  County  Council  may  therefore  be  of  interest  to  many 
engineers. 

Apparatus  Controlled. — The  principal  apparatus  for  the  control  of 
which  the  switchgear  at  Greenwich  is  designed,  consists  of  : — 

8  3,506-k.w.  generators,  four  only  being  now  installed.  These 
give  3-phase  current,  350  amperes  per  phase,  P.F.  0*9,  6,600 
volts  between  phases,  at  25  oj  per  second.  The  gene- 
rators are  star-connected,  the  centre  point  of  the  star  being 
earthed. 
28  6,6oo-volt  feeders,  to  sub-stations  outside  generating  station. 

2  6,600-volt  feeders,  to  sub-stations  inside  generating  station. 

2  6,6oo-volt  feeders  transformed  to  220  volts,  for  operating  induc- 
tion motors  driving  station  auxiliaries. 

2  125  volts  D.C.  generators,  each  giving  1,500  amperes. 

I  battery  giving  550- volt  or  125- volt  supply. 

4  500-k.w.  3-phase  induction  motors,  coupled  to  D.C.  generators, 
each  capable  of  giving  900  amperes,  550  volts  for  supplying 
local  tramway  service. 

General  Arrangement  0/ Switchgear. — ^The  switchgear  is  arranged  on 
two  galleries,  which  run  parallel  to  the  engine-room ;  the  centre  line 
of  the  engine-room  being  also  the  centre  line  of  the  galleries.  Plate 
No.  I  shows  plans  of  the  galleries,  and  Plate  No.  2  shows  a  section 
through  them,  and  also  elevations  of  the  apparatus  arranged  on 
the  wall.    Plate  No.  i,  Fig.  i,  shows  the  top  gallery  which  contains  all 
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the  E.H,T,  busbars  and  main  E.H^T.  switches,  together  with  isolatiiig 

plugs,  and  spark-gaps  for  discharging  any  excess  pressure  rise  which 
may  occur  in  the  cables. 

Plate  No.  i^  Fig.  2,  shows  the  plan  of  the  lower  gallery.  Against 
the  wall  the  positions  are  marked  of  the  E,H,T.  generator  and  feeder 
cabJcs,  instrument  transformers,  etc,  front  and  sectional  elevations  of 
these  being  given  on  Plate  No.  2.  A  46  panel  L,T,  board  is  shown, 
enclosed  by  a  wall  which  is  of  glazed  brick  and  is  8  ft  6  ins.  high* 
Within  this  enclosing  wall,  the  position  is  indicated  of  the  6,250-k*w. 
transformers,  which  give  220  volts,  j-phase  supply  for  operating 
station  auxiliaries,  and  also  the  L.T,  switchboard  panels  controlling 
this, 

Flate  No»  4  shows  the  general  scheme  of  E.H^Tt  connections*  The 
current  is  led  from  each  generator,  through  its  instrument  trans* 
former  tank,  to  a  main  generator  switch  ;  from  this  switch  it  is  led 
to  a  section  switch*  This  controls  a  set  of  section  busbars  which 
supply  a  group  of  four  feeders.  Each  feeder  is  supplied  through  a 
main  switch  and  instrument  transformer  tank  Spark-gaps  are  con- 
nected to  each  feeder  cable,  for  discharging  any  excess  pressure  that 
may  occur.  Main  busbars  are  provided  in  two  parts,  which  can  be 
interconnected  by  means  of  a  switch^ 

The  normal  method  of  running  will  be  to  have  one  or  more 
generators  feeding  the  main  busbars,  which  will  be  interconnected, 
and  to  w4iich  all  the  feeders  will  be  connected  in  paralleK 

By  withdrawing  the  isolating  plugs  connecting  it  to  the  main  bus* 
bars,  any  generator  may  be  isolated  therefrom,  and  remain  connected 
only  to  one  set  of  section  busbars  supplying  four  feeders. 

It  will  be  seen  that  the  scheme,  generally,  is  simple  and  s_vstemalic. 
The  switches  arc  arranged  with  respect  to  the  busbars  so  that  the 
minimum  length  of  connecting  cable  is  required  ;  and  the  apparatus  is 
so  subdivided  and  arranged  that  in  case  of  a  breakdown  the  damage 
will  be  confined  to  a  smail  area,  and  cannot  possibly  spread  and  cripple 
the  whole  gear. 

Referring  again  to  Plate  No.  i,  Fig.  1  show^s  in  dotted  lines  Ihe 
E,H,T,  cables  interconnecting  the  various  switch  structures,  and  also 
the  main  generator  and  feeder  cables.  The  arrangement  of  switches  is 
such  that  these  latter  cables  run  in  the  most  simple  and  direct  maimer 
possible  to  the  chases  provided  for  them  in  the  face  of  the  wall,  without 
any  crossing  of  each  other. 

Remote  Ct7«/ro/,— When  the  magnitude  of  the  work  to  be  done  by 
the  main  switches  is  considered,  it  will  be  evident  that  these  must  be 
of  substantial  design*  In  an  emergency,  it  is  possible  that  one  of  the 
switches  may  be  called  upon  to  break  the  short  circuit  of  the  en  tire 
station  plant.  There  are  49  switches  arranged  on  the  top  gallery,  which 
is  approximately  120  ft,  long  by  30  ft.  broad. 

Electrical  control  is  accomplished  by  the  very  easy  motion  of  a  3*in. 
I  liandle  through  (xf ,  t\\\Si  \vvsvvcc^  v^^vd  cIqslu^  and  opening,  with 
absolute  certainty  and  d*ic\svow,  a\\^  V\\«i  ^m-^tVtt^Y^^c^sjt^Vv^^xs.^-s^^ 
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sary  when  isynchronising*  The  action  is  a  very  simple  one  for  the 
operator  to  perform^  leaving  his  attention  free  to  obsen-^e  the  instru* 
ments. 

A  comparison  on  Plate  No.  i  of  the  relative  space  taken  up  by  the 
switches  on  the  top  gallery  and  the  control  desk  on  the  lower  gallery, 
will  show  the  gain  made  by  concentration  of  controlling  gear  in  ca-se 
of  observation  and  rapid  manipulation.  The  E.M.F.  of  the  current 
used  for  control  purposes  is  125  volts,  and  thii^  is  obtained  from  a 
battery.  The  switchgear  control  is  thus  independent  of  any  machinery 
breakdown.  Only  low-tension  current  is  brought  to  the  control  desk. 
Consequently  in  case  of  accident  to  the  E-  H  .T,  gear  the  operator  is  not 
liable  to  get  confused^  and  can  disconnect  the  defective  parts  without 
danger* 

The  entire  separation  of  low-tension  from  the  extra  high*tension 
circuits  enables  the  latter  to  be  properly  arranged  in  fireproof 
structures. 

Main  Oil^Break  Suilches.— The  main  oil-break  tension  switches  arc 
of  the  Westinghouse  standard  pattern. 

Apparatus  Mouttkd  on  Wail. — Plate  No.  r,  Fig*  No.  i,  also  shows 
the  cable  runs  from  the  feeder  and  generator  switches  to  the  wall,  and 
indicates  that  the  spark-gaps  and  instrument  transformer  tanks,  etc.,  as 
shown  on  Plate  No.  2,  are  in  direct  alignment  with  these  positions. 

Commencing  at  the  lower  gallery  floor  level,  there  is^  first,  a  tri fur- 
cating box  for  every  generator  cable  or  outgoing  feeder  cable  \  from 
these  t)Oxes  the  tails  are  led  through  porcelain  bushings  to  isolating 
plugs. 

These  isolating  plugs  are  mounted  on  white  enamelled  slate  bases, 
and  in  separate  cells.  The  cells  are  made  by  sliding  vertical  enamelled 
slate  barriers  into  grooved  horizontal  top  and  bottom  slabs  of  enamelled 
slate.  Metal  headings  run  along  the  front  edges  of  the  horizontal  slabs. 
Fitted  to  the  beadings  are  locks,  which  fasten  doors  of  expanded  metal. 
All  doors  have  locks,  a  door  being  provided  for  each  set  of  three 
isolating  plugs*  Hard  wood  tongs  are  provided  for  withdrawing  the 
isolating  plugs*  Above  the  isolating  plugs^  steel  channel  frames  are 
built  into  the  wall  These  are  protected  above  and  below  by  slate 
slabs,  and  carry  the  tanks  containing  the  instrument  transformers. 
The  tails  from  each  transformer  tank  are  led  to  a  trifurcatiug  box, 
from  which  a  3-core  lead-covered  cable  is  run  to  the  cable  box 
adjacent  to  the  switch  dealing  with  the  particular  circuit  to  which  that 
cable  belongs*  From  the  isolating  plugs  in  the  feeder  circuits  cables 
are  led  through  porcelain  tubes  to  the  spark-gaps  on  the  top  gallery* 
The  spark-gaps  are  arranged  with  stout  slate  barriers  between  each 
phase,  and  have  expanded  metal  doors.  One  door  is  provided  for 
each  set  of  three  spark -gaps. 

Along  the  top  of  the  spark-gap  barriers  runs  an  earthing  bar,  to 
which  all  the  spark-gaps  are  connected*  All  framework  of  Hwitches, 
switchboards,  transformer  tanks,  expanded  metal  dtinrs,  etc.,  is  cartlicd 
to  this  common  bar^  thus  guarding  against  shock.    T\\^  Vax  ,\w\V^V^^icv, 
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IS  comiected  by  three  separate  leads  to  the  main  condensing  water- 
pipes. 

Instrument  Tramformer  ranis,— These  are  shown  in  Figs.  3  and  4. 

Each  tank  contains  three  series  and  two  shunt  transformers^  together 
with  three  H,T*  fuses  for  the  latter.    These  transformers  all  stand  in  oil. 

From  their  secondary  terminals  two  3 -core  cables  arc  taken 
through  steel  conduit  to  the  control  desk  aiid  instrument  board. 
They  arc  there  connected  to  the  various  ammeters,  wattmeters, 
relays,  etc.,  belonging  to  the  circuit  in  which  that  particulai'  tank  is 
placed^  By  this  means  all  H,T.  current  is  kept  away  from  the 
control  d€sk« 

The  arrangement  Is  a  very  compact  one,  and  as  the  main  H^T, 
cables  are  sweated  to  terminals  iti  the  tank,  which  are  in  tine  with  each 
other,  no  deviation  is  made  in  the  alignment  of  the  cables* 

The  transformers  are  all  fixed  to  a  cast-iron  frame,  which  can  be 
readily  withdrawn  from  the  tank.  The  entire  tank  can  very  easily  be 
disconnected,  and  entirely  removed  or  replaced. 

Spark-Gaps. — Tbe^e  are  connected  in  each  feeder  circuit,  to  dis- 
charge any  excess  pressure  rise  above  a  set  value. 

Their  general  arrangement  is  shown  in  Plate  No*  2.  The  ap- 
paratus consists  of  a  porcelain  isolating  plug,  series  and  shunted 
spark-gaps,  and  series  and  shunt  resistances*  These  are  mounted  on 
white  marble,  which,  in  turn,  is  insulated  from  the  wall  by  porcelain 
insulators.  The  gaps  are  made  op  of  milled  or  knurled  cylinders  of 
non-arcing  metal,  placed  side  by  side,  and  separated  by  air<gaps. 
They  are  held  in  position  by  porcelain  pieces.  The  operation  of  the 
apparatus  is  as  follows  :^ 

If  the  potential  in  the  cable  rise  sufi^ciently  high,  the  series  gaps 
will  be  sparked  across.  If  the  discharge  be  sufficiently  high,  it  will 
then  meet  opposition  in  the  shunt  resistance,  and  pass  over  the  shunted 
gaps  to  earth,  through  the  series  resistance.  The  arc,  which  tends  to 
follow  the  disc  liar  ge,  is  then  withdrawn  from  the  shunted  gaps  by  the 
shunt  resistance,  and  is  suppressed  by  the  series  gaps  aided  by  both 
resistances. 

EM.T.  Switch  Structures. — Plate  No,  5  shows  in  detail  one  of  the 
E.H.T*  switch  structures  on  the  top  gallery, 

A  reference  to  Plate  No.  2  will  show,  in  the  section  through  the 
two  galleries,  the  position  of  the  feeder  switch  structures,  relative  to 
other  E.H.T.  gear.  On  the  steel  joists  supporting  the  floor  angle  irons 
are  placed  across  openings  left  in  the  floor  for  the  special  trifuraiting 
boxes  tailing  the  3-core  cables  to  the  main  switches.  These  3-core 
cables  enter  the  box  below  the  floor,  whilst  the  tails  aie  kd  out 
within  the  6-in.  space  above  it.  Moulded  bricks  serve  the  purpose  of 
carrying  porcelain  insulators,  through  which  the  tails  from  the  cable 
boxes  are  led.  These  tail  cables  are  heavily  insulated  with  rubtjer. 
From  the  cable  tjox  to  the  moulded  bricks,  2^-in.  cement  barriers 
are  placed  between  the  tails,  and  beyond  the  moulded  bricks  the 
cables  are  in   cells,  separated  by   44-in*  btvck  N^a\\^,    t\v^    ^-aMs?:.^ 
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pass  up  the  vertical  wall  of  the  structure,  through  porcelain  insubtors, 

which  are  set  within  separate  glazed  earthenw^e  ducts.  The^^are 
thus  entirely  isolated  from  each  other,  and  are  surrounded  by 
non-inflammable  Diaterial  till  close  to  the  switch  terminals,  thus 
reducing  hre  ri^ks  to  a  mini  mum.  The  isolating  plugs  for  each 
phase  are  separated  by  4t*jn.  walls.  They  are  similar  to  those  alrciidy 
described  in  all  respects.  Where  necessary,  a  special  union  connec- 
tion is  provided  at  the  top  terminal,  to  enable  the  cable  to  be  readily 
connected  or  disconnected.  The  detail  view  (Fig.  5)  of  the  bulbar 
connection  shows  that  this  is  made  by  means  of  a  terminal,  into  w*hkb 
the  connecting  cable  is  sweated  and  screwed*  and  which  is  fitted  into 
a  conical  hole  in  the  busbars.  Lock  nuts  are  provided  to  prevent 
slacking  back.  Between  the  terminals  the  busbars  arc  wrapped  %*ith 
tape,  then  with  insulating  cloth  to  ^\j  in.  radial  depth  ;  an  outer  layer 
of  tape,  and  then  a  final  wrapping  of  torpedo  twine.  The  terminal 
points  are  guarded  by  coverings  of  moulded  ebonite.  The  busbars  at 
these  points  arc  supportedj  as  shown,  by  porcelain  insulators  r  ihe^^ 
insulators  have  ample  creeping  surface,  and  arc  cemented  into  thick 
slate  slabs,  which  form  the  bottom  of  the  busbar  chambers.  The 
covering  of  these  chambers  is  also  of  slate  slabs,  all  joints  betuvecn 
slates  being  sealed  to  prevent  any  dust  entering. 

The  structure  proper  is  of  white  glazed  bricks  laid  with  cemeuL 
These  w^ill  be  very  easily  kept  clean  and  free  frojn  dust,  Slate 
slabs  arc  built  in  wherever  necessary  to  support  the  porcelain  insu- 
lators and  glazed  earthenware  ducts.  Moulded  bricks  or  stones  arc 
built  in,  having  holes  provided  for  rag  bolts  for  fixing  isolating  plugs, 
A  steel  channel  frame  is  also  built  in  to  receive  the  bolts  fixing  the 
main  switches. 

A  heading  across  the  top  and  a  steel  channel  across  the  bottom 
of  the  isolating  plug  cells  are  fixed  so  that  expanded  metal  doorSp 
which  are  provided  for  every  set  of  three  cells,  may  be  securely 
locked. 

Wherever  single*core  rubber  insulated  cables  are  used  for  connecting 
between  one  E.H.T.  switch  structure  and  another,  these  cables  arc 
run  in  porcelain  insulators  supported  in  glazed  earthenware  duds,  as 
already  shown  within  the  wall  of  the  feeder  structure,  except  that 
these  ducts  run  horizontally  and  are  placed  under  false  floor,  the  sur- 
rounding spaces  being  filled  in  with  cement  and  breeze*  It  will  thus 
be  seen  that  except  at  the  switch  terminals  the  rubber  insulated  E.H.Ti 
cables  on  the  lop  gallery  are,  throughout  their  entire  lengths,  sur- 
rounded and  isolated  from  each  other  bj*  substantial  barriers  of  non- 
intlammable  and  insulating  material. 

Control  D€sL — Plate  No,  3  shows  the  general  appearance,  together 
with  that  of  the  instrument  board,  and  their  relative  positions.  It 
will  be  seen  that  the  operator  faces  the  cngine<room.  The  instrument 
board  being  fixed  in  front  of,  and  higher  than  the  control  desk,  the 
operator  can  read  \\\%  m^lt^im^wU,  lav'erate  his  switches,  and  sec  what 
is  going  on  in  the  cng^tne-ioom  vs\V\^viSlV\^Mt\\^^%^^a>Mi*^., 
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All  the  controlling  switches,  measuring  and  indicating  instruments 
etc  I  as  well  as  automatic  Siifetj  devices,  are  grouped  on  these  two 
boards, 

I'he  desk  is  approximately  60  ft  long.  The  panels  are  of  white 
marble,  fixed  to  a  frame  made  up  of  wrought-iron  base,  vertical 
castings,  and  top  wrought-iron  tie  straps,  Flvery  panel  is  distinctly 
engraved  with  the  name  of  the  ciixuit  or  circuits  controSled  therefrom. 
No  current  used  about  the  desk  or  instrument  board  has  higher  voltage 
than  aao.  None  of  the  metal  work  oulside  the  desk  is  aUvCj  so  that  it 
is  impossible  for  the  operator  to  get  any  shock.  There  are  eight  panels 
each  controlling  one    generator,  sixteen  panels  each  controlling  two 
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Fig.  5.— High-Tension  Busbar  TerminaL 


feeders,  and  four  panels  each  controlling  two  sectional  groups  of  four 
feeders.  Each  generator  panel  has  one,  and  each  section  and  feeder 
panel  two  small  controlling  switches^  together  with  their  red  and  green 
indicating  lamps,  as  already  referred  to  in  connection  with  the  main 
switches. 

Each  generator  panel  has  also  the  following  apparatus^  namely  i  A 
switch  which  operates  the  engine  governors,  a  bell<push  to  operate 
a  signal  bell  ;  another  bell-push  having  a  thin  glass  cover  which  must 
be  smashed  before  the  push  ain  be  operated*  and  then  an  electro- 
magnetic device  can  be  actuated  which  stops  the  engine ;  also  three 
sockets  for  synchronising*  Two  plugs  only  are  provided  for  the  ervtvEc. 
desk,  thasc  having  prongs  at  different  dista.woei?i,  VVta  'KiO&s^^  Noslxw^ 
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spaced  equally.    This  arrangement  makes  it  impossible  to  shcrt-circuil 
two  machines  through  the  synchronising  busbars. 

A  hand  wheel  is  provided  for  operating  the  resistance  in  the 
generator  field  circuity  with  an  indicator  having  sixty  divisions,  and  a 
pointer,  suitably^  geared  to  travel  over  the  divisions  in  correspondence 
with  the  motion  of  the  resistance  switch  contact  brush  over  its  sixty 
contacts.  Finally,  each  generator  panel  has  six  switches  for  signalling. 
By  means  of  these,  various  signals : — **  SloWj*'  "  Run  up,"  **  On  ioadr 
"Reducer  "No,  i,"  "No.  2,"  "No.  3,"  **No,  4,"  "A/*  **B;*  can  he 
illtiminated  on  a  telegraph  board.  This  is  placed  conveniently  to  be 
seen  from  all  required  parts  of  the  station- 
All  wiring  of  the  control  desk  is  brought  to  terminal  boards,  which 
are  conveniently  arranged  under  each  panel  for  connecting  up 
purposes. 

Through  the  centre  of  the  control  deskj  one  of  the  niain  roof 
stanchions  passe :s,  and  around  this  a  frame  has  been  built  for  panels, 
on  which  switches  and  fuses  are  placed^  controlling  the  125- volt  D.C 
supply  to  the  control  desk  for  operating  the  main  E.H*T*  switches; 
also  fuses  for  the  signalling  circuits  ;  and  a  control  switch  to  op>erate 
the  E.H-T-  switch  interconnecting  the  main  busbars*  A  glass- 
fronted  cover  is  placed  over  this  controller  to  guard  against  im- 
proper use. 

The  instruments  provided  for  each  feeder  circuit  are :  Power- 
factor  mctcr^  indicating  wattmeter  and  A.C.  ammeter  on  instrument 
board ;  and  integrating  wattmeter  with  overload,  inverse  time 
elementi  relay  for  tripping  the  main  switch,  on  the  control  desk. 
Each  generator  circuit  has  on  the  instrument  board,  power- tactor 
meter,  indicating  wattmeter,  A.C,  ammeter,  and  D*C.  ammeter,  and 
on  the  control  desk,  integrating  wattmeter  and  reverse  current  relay 
for  tripping  the  main  switch, 

Insirumcnl  Board, — The  Instrument  board  is  shown  on  Plate  No,  3, 
and  in  the  sectional  view  on  Plate  No.  2.  It  consists  of  steel  frames 
each  approximately  29  ft.  long.  These  frames  are  supported  on  fdt 
discs  at  eacli  end  and  at  their  centres.  On  each  frame  fourteen  black 
enamelled  slate  panels,  each  3  ft.  x  2  ft,  are  monnted,  and  on  thi 
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the  instruments  are  fixed. 

Conduii  System. — All  the  operating  leads  from  the  49  main  switches,' 
and  secondary  leads  from  the  44  instrument  transformer  tanks  to  the 
control  desk,  and  the  le.ids  from  thence  to  the  signalling  boards, 
engine  synchroscopes,  etc.,  are  run  in  steel  conduit* 

The  well-being  of  these  operating  and  transformer  leads  is  essential 
to  the  success  of  the  station,  and  it  may  be  well  to  slate  some  of  the 
points  kept  in  mind  in  designing  the  conduit  system,  and  in  its  erection. 
The  conduit  itself  is  of  extra  heavy  solid  drawn  tube,  screwed  wil 
standard  Whitworth  gas-pipe  threads. 

Incidentally  I  should  like  to  deprecate  the  practice  of  some  condutl 
makers,  of  drawing  t\ie  couduW  Irom  o\ai  ^'Ci.d^Qt^i  <x  less  rusty  tubes 
ken   from  locomotwes,  e\c,     K  ^\^"t  ^^t^*^^  '^^  ^^^^  ^^ts&vs,  ^?SMt 
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enamel  properly  adhering.  The  enamel,  besides  being  insulating,  and 
acid  and  moisture  proof,  should  be  really  flexible.  Out  of  nine  samples 
tested  by  the  author,  only  one  piece  of  conduit  proved  to  be  coated 
with  enamel  worth  calUng  flexible-  All  conduit  and  fittings  should  be 
stoved  after  etiamcUing.  The  conduit  and  fittings  should  all  be  bought 
with  the  threads  entirely  free  from  enamuJ,  and  care  should  be  taken 
to  have  all  ends  cut  square,  aU  burrs  removed,  and  all  the  threaded 
parts  long  enough  to  atlow  the  ends  to  be  butted  inside  the  couphngs* 

The  conduits  are  of  ample  si^e  for  the  leads  they  contain,  the  runs 
are  short,  frequent  inspection  boxes  being  provided,  the  majority  of 
these  being  specially  designed.  In  the  boxes  barriers  are  provided,  to 
keep  the  leads  belonging  to  separate  circuits  apart  from  each  other  as 
far  as  possible. 

No  elbows  are  used  ;  where  possible,  the  pipes  arc  bent  with  a  long 
sweep,  and  where  space  forbids  this,  standard  bends  are  used. 

The  pipes  are  arranged  systematically,  and  as  simply  as  possible. 
Each  pipe  has  a  number  painted  on  it,  and  by  means  of  a  key  plan 
referring  to  these  numbers  the  conduit  containing  the  leads  belonging 
to  any  particular  circuit  can  be  readily  located. 

The  use  of  fire  in  bending  the  conduits  should  be  forbidden,  as  it 
burns  off  all  the  enamel  both  internally  and  externally.  The  runs 
should  be  designed  to  make  this  unnecessary, 

Switchgear  for  Six  250-A-Tr.  Sialic  Transformers^ — Two  of  the  E.H.T.. 
feeders  supply  current  to  six  250 -k.w.  transformers,  from  which 
a20-\^olt,  3-phase  current  is  ol>tained  for  operating  the  station 
auxiliaries.  The  arrangement  of  these  transformers  and  of  the  switch- 
gear  in  connection  with  them  will  be  seen  from  Plate  No,  ft.  The 
EiH.T.  cables  are  led  to  cable  boxes,  and  thence,  through  isolating 
plugs,  to  busbars.  Beneath  these  busbars  six  openings  for  the  trans- 
formers are  provided,  fitted  with  spring-locked  Bostwick  gates. 

Heavy  copper  bars  are  placed  across  the  front  of  the  transformer 
openings,  and  the  secondaries  are  connected  to  these  through  fuses. 
These  copper  bars  terminate  at  the  bottom  contact  of  heavy  switches 
mounted  on  panels,  as  shown,  the  switches  having  removable  blades. 

Each  panel  is  provided  with  a  guarded  controlling  switch  and 
indicating  lamp,  for  tripping  the  main  switch  controlling  that  particular 
feeder  \  also  with  three  ammeters,  0-2,000  amperes,  and  one  voltmeter. 

Openings,  covered  with  expanded  metal,  arc  left  in  the  Boor  t>encath 
the  transformers  for  ventilation  purposes*  The  transformers  arc 
mounted  on  wheels,  and  can  be  wheeled  along  steel  joists  let  in  the 
floor,  from  their  positions,  when  required. 

Insirumcnh. — The  reverse- current  relays  are  similar  in  appearance 
to  induction  integrating  wattmeters.  They  operate  on  the  same  prin- 
ciple, and  in  consequence  retain  the  sensitiveness  of  those  instrumentSi 
Adjustable  contacts  for  the  tripping  circuit  are  arranged  to  vary  the 
amount  of  reverse  current  at  which  it  is  desired  to  operate. 

The  overload  relays  are  worked  by  the  series  t^aw&lcitTsMLt^  vx^^  <;»s5&. 
phase,  the  s^condury  current  passing  round  iVie  miidm^  qV  ^  xwa.^^^^ 
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between  the  poles  of  which  is  a  copper  disCi  capable  of  rotating, 
the  same  spindle  as  this  disc  is  a  small  drum  to  which  a  weight] 
attached  by  a  fine  cord.    Normally  the  disc  is  stationary,  the  tcDde 
to  rotate  being  balanced  by  the  moment  of  the  weight.  On  an  overlo 
the  disc  rotates  and  winds  up  the  %veight,  which  closes  an  auxilii 
circuit,  tripping  the  main  sw^itch.     The  ratio  of  rotation  is  propoiti< 
to  the  current  following  in  the  main  circuit,  and  the  time  lug  tnayj 
adjusted  by  altering  the  length  of  the  cord. 

The  arrangement  is  very  sensitive  and  is  found  to  work  welL 

Stiikhgcar  in  Sub-staiiott. ^The  switchgear  for  the  sub-station  Ic 
within  the  main  generating  station  is  shown  in  plan  on  Plate  No.  7. 

E,H*T.  current  is  supplied   by  two  of  the  main  fecrdcrs  thron 
isolating  plugs  to  a  set   of  busbars;  from  these,  through   isolatil 
plugSf  to  oil  switches.     These  arc  operated  from  the  front  of 
switchboard,  by  hand,  through  rods  and  bclU crank  levers* 

From  these   switches  cables   run   to   the   instrument   transfor 
tanks,  and  thence  to  the  E.H.T.  induction  motors. 

The  oil  sw*itches  are  of  the  hand-operated  type,  and  are  arranged] 
be  tripped  electrically  from  several  positions  in  the  sub-station. 

The  general  arrangement  of  the  E.H.T.  apparatus  within  its  masonry 
is  simitar  to  that  already  descritK^d. 

The  E.H.T.  induction  motors  are  coupled  to  D,C,  generators,  each 
capable  of  giving  900  amperes  at  550  volts. 

There  are  nine  switchboard  panels,  four  each  fitted  with  E.H.T, 
switch  handle,  ammeter,  F.F,  meter  and  indicating  wattmeter.     Two 
of  these  panels  have  guarded  control  switches  with  indicating  lamB 
for  tripping  the  main   switches  of  the  feeders  supplying  the  su 
station. 

There  are  four  L.T.  panels  controlling  the  sub-station  D.C. 
rators.    Eacli   has  reverse  *  current,    loose  -  handle    circuit  -  breat 
ammeter,  two  knife    switches,  and  a  circular    change-over    switc 
having  a  starting  and  a  running  position. 

The  ninth  panel  is  a ^ common  starting  panel.  In  front  of  the 
switchboard  a  pillar  is  erected  having  a  handwhcel  and  shaft,  gtnircd 
to  operate  a  starting  faceplate  and  resistance,  which  is  mounted  beliind 
the  switchboard. 

The  connections  are  arranged  so  that  by  putting  the  change-oi 
switch  on  its  starting  position,  and  closing   the  switch   and   circu 
breaker  on  the  common  starting  panel,  any  of  the  sub-station  sets 
be  run  up  through  this  common  D.C.  starting  arrangement. 

The  British  Westinghousc  Electric  and  Manufacturing  Compan 
Ltd.,  were  responsible  for  the  whole  of  the  switchgear,  which  wai 
arranged  exactly  in  accordance  with  complete  and  detailed  desagilt 
prepared  by  Mn  J.  H.  Rider,  Chief  Electrical  Engineer  \p  tfi^  l^oojd 
County  Council  Tramways. 
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Espt'irimenti   suUa  din  arnica  del   fluSdi.      [I>*gli  Atti  del  Cothigio 


degli  Ingerpteri  ed  Ar^hit^Ui,  Vol.  XXXVL]     Svo.     fiO  pp.  MiUtno,  I90a 

Fisher-Hijmeil  [J]*      Continuous  Current  Dynamos  in  Theory  and  Practice  ^ 
with  DotaiLi  of  Methods  and  Fonnulsa  used  in  Construction,      Svo.     437  pp. 

London,  1899 
Prescntod  by  Messrs,  Biggs  &  Bcms. 
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Flaming  [J*  a.].  Tb©  Principles  of  Electric  Wave  Telegraphy ♦  with  Appcn- 
dices— (L)  Wirelesft  Telegraphy  Act  of  1904;  (ii,)  Bibliography  of  Electric 
Wave  Telegraphy  ;  (iii,)  British  Pfttant  Specifications  for  Improvement  in 
Electric  Wave  Telegraphy  between  1896  and  1906.     8vo.    790  pp, 

London,  1906 

Foley  [A.  L.].     A  Simple  Method  of  Determining  the  Absolute  Dilatation  of 

Mereary.    [Beprinted  horn  Sdiool  Sciena  and  Malh^maik^,  Voh  VI,]    8vo. 

^  PP*  Chicago,  1906 

Fowler's  Electrical  Engineer^B  Handbook  (foe  1907).    8vo.    771  pp. 

Manch^ter,  1906 
Presented  by  the  Scientific  Publishing  Co» 
FmHOrO  [^-]<    Trasione  clettrica  mouofase  sistema  Finzi  per  la  BspoBixlonc  di 
Milano,  190G,    [Estratto  dalla  riviflta  JG'^^aitrkied,  VoL  XXVI.]    4to.    16  pp. 

MilanOt  1906 
Presented  by  Q.  Finzi. 

Fymn  [V,  A].  The  Clasfiifieatioa  oi  Alternate  Current  Motors.  [Eeprinted 
from  Th^  Electrician.  ]     Svo.    41  pp.  London,  1906 

Garcia  [A.  J.  R.  V.].  Dictionary  of  Engineering  Terma  in  English  and  Spanish. 
12  mo.     186  pp,  London^  1906 

Presented  by  Messrs,  Hirschfeld  BroSn,  Ltd. 

Garrard  [C.  G.j.      tJber  die  Zersetzungsspannung  fester  und  geschmolzener 
Elektrolyte.     (Aus  dem  Gdttinger  Universitata^Institut  fiir  Elektrochemio.) 
[Zdtschrift  fUT  EkktrocJiemi*,  VoL  VI,,  pp.  214-216,]    4to.    3  pp. 
I  j?a;fca/S.,1899 

Uber  die   Zersetzungsspannung  geschmolzener  und  fester  Elektro- 

lyte,     [Reprinted   from  Ztitschrift  fUr  Anor^anisch^  Chsmie,  Vol.   XXV, 
pp.  273-312.]     8vo.    40  pp.  LeipHg,  IBOO 

— and  Oppermaim  [^0-      ^"^^  Frago  nach  der  Hydra tation  gelOster 

Bubstan^en,  III.     [QUtlingen  Ge»elL  Wlss.  Nachr.,  I,]    4to.    4  pp. 

G0Uin^gm,  1900 

Gauguin  [J-  M.],    5^  Paoinotti,  A. 

Gatebonfle  [T.  E.]*  The  Strange  History  of  a  Dynamo,  (With  Appendix.) 
8vo.    76  pp*  Londtrnt  1891 

06ipel  {W,  ],  Electric  Power  and  it*  Application  on  the  Three- Phase  System  to 
the  Bristol  Carriage  and  Wagon  Works.  {Paper  read  before  the  Britbh 
-4stiociation.)    [Reprinted  from  the  Electric/il  Review^  VoL  42,]    Bvo,    12  pp. 

London,  1098 

— — — .    Eleetrioal    Power   in    British    W^orks.      (Paper    read    before    the 

Gloucester  Engineering  Society.)     [Reprinted  from  Eltcirical  RemenOf  Vol. 
48.]    Svo,    16  pp.  Lcndm,  1901 

Goitel  [H.].  Elektrioitiitszerstreaung  und  Kadioaktivitiit.  [Sonderabdnick 
aufl  Jahrhioh  der  Eadioaktivimt,  VoL  I.]     Svo.     16  pp,  LeipHg,  1904 

— ^    tJber  die  durch    atmoaphtinsche   Luft   induzierte   Radioaktivitat. 

[BepriQted    from    Phusikalische   Ztikchrifi,  Vol.  3,  pp.   76-79.  J      4to. 
i  pp.  L^ptig,  1901 

, Uber  die  Anwendnng  der  Lehro  von  den  Gasionen  auf  die  Erschcin* 

uagon  der  atmoaphfirischen  Elektricitit.     [Reprinted  from  the  Qtulkchaft 
DeiiUcher  Naturforsciter  und  AtmU,  Verhandlu^i^iJ]    6vo.     14  pp, 
L  Lmpiuj,  1901 
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G^ltcl  [^0  {cmttinited),  Eine  Reiso  nach  Palma  auf  Mallorca  zut  Baohjichivmg 
d^r  totalen  Sonnotifinatcmitiit  ^m  30  Augufit,  1906,  [SandGr&bdrack  aua  dar 
ZeitschriJt,  *^  IHe  Welt  der  Technik;'  Nov.  1, 1905.]  4to.    6  pp.     Berlin,  1905 

' Uber  die  Bpontanc  lonisierung  dor  Luft  utid  Anderer  Gaae,     [Son- 

derabdrack  aua  den  TwJiatwJfwn^n  rf,  D^?<fscA*n  Phys.  GtMllm^mfi,  VoK 
Vin.]     gvo.     16  pp,  Braumchweig.l^m 

Sija  Elster,  J.,  atid  Geitel,  H. 


OeEt   &  Co.     How  to  Fix  and  Repair  Electric  B«llfi  and  Kindred  ApparatUfl, 

By  T.  H.  P.     13th  ed.     4to,     31  pp.  Leicester,  1906 

Oibson  [C*  R*]-     Electricity  of  To-day.    Its  Work  ftnd  Mysteries  described  in 

Non-Technical  Lcpnguage.    8vo.    347  pp.  Londont  1906 

Gilbert  [WJ.     On  the  Magnet,  l^Iagnetie  Bodies  akO|  and  on  the  Great  Magnet 

the  Earth ;    a   new   Pliysiology^   dem on Bt rated    by  niany   arguments    and 

experiments.    Translated   by  a  Committee  of  the   Gilbert  Club  from  the 

original  folio  Latin  edition  of  1600,   and   is,  practically,  a  facaimilo  (in 

English)  of  that  edition.     4 to.     260  pp.  London,  1900 

Presented  hy  B,  Hammond. 

— Notes  on  the  De  Magnete,     By  S.  P,  Thompsoa.     4to.     71  pp* 

Ltmdon,  1901 

^ William  Gilbert  and  Terrestrial  Magnetism  m  the  Time  of  Queen 

Elizabeth »     A  dbcoursie  by  S*  P.  Thompson.     8vo,     16  pp,        London,  1903 
Presented  by  Prolefisor  S.  P.  Thompson , 
A  Note  prepared  for  the  Tliree*huiidredth  AiinJver&ary  of  the  Death 


of  William  Gilbert  of  Colchester.     By  Sijvanns  P.  Thompson.    8vo.    32  pp» 

Lotidon,  1903 
Presented  by  Professor  S*  V,  Thompson. 
Giorgi    [G^-]"      Unit  An  razionali   di   elettromagnetismo.      [Estratto  dagU  Atti 
deir  AsAocinzitms  EMtvohcniea  Ttaliana,  Vol,  V.  ]     8vo»     19  pp* 

Torino^  1901 

II  sistema  assolnto  M,Kg,S,     [Ibid,,  Vol.  VT.]     8vo.     24  pp. 

T&rino,  1902 

-. E    funzionamento   del    rocehetto  di   Rnhnikorff.     [Estratto  dalP 

Ekltricista,  Vol.  XI.,  1903.]     8vo.     6  pp.  Bwtia,  1908 

— -    SuJ  fenomeno  Bantu     [Ibid.,  VoL  XH.,  1909.]    8vo.    4  pp. 

Roma,  1908 
I  metodi  elementari  per  la  rapprcsentazione  e  lo  Btudio  delle  ccrrenti 


altemanti  smuaoid^li.     [Ibid.]     8vo.      15  pp.  Bofffa,  1008 

Lo  corrcnii  non  siimsoidali,     [Estratto  dagll  Atii  d^W  Auoemkng 


EkUrokcjiiat  Italiana,  Vol.  VII.]    8vo.    13  pp.  Bomm,  10OS 

1  fondamenti  della  teoria  delle  grandeeze  elettricho.     [Ibid.  ]    8vo, 


21  pp,  Boiiut,  1903 

Notttzioti©  e  simhoU  elettrici-     [Ibid.]    Svo.     16  pp,        Rotna,  1908 

n  metodo  siinboHco  nello  itadio  delle  carrentS  Tariabili.     [Ihid*! 


Vol.  YIIL  ]     8vo.    79  pp.  Roma,  1904 

Electrical    and   Physical   Unit§.      (Paper   road  before   the   Inter* 


national  Electrical  Congress,  St.  Louis,  1904.)    Svo.     4  pp*  Rofm,  1904 

Belazione  sal  coUaudo  delP   impianto  d*   illuminazione  elettrsca 


di  Nettuno.    8vo.    11  pp.  Rottm,  1904 
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0iorgi  fO,J  {coniinu^d}^     Su  una  rioercA  che  intereeiA  la  lolegr^ftp     [Entratio 
dagli  AUi  ddV  AstoeiaxiofU  Eleitrot^cnita  Italiana^  Vol,  IX.]     Svo.     S  pp. 

— La  tmuione  ekttrica  daUe   sue  origini  ^d  oggi.     [Estraito  dall 

BdkHno  deqli  Inge^neri  ed.  ArchiteUi  ItaL,  1905.]     Bvo.    34  pp. 

Rfwm,  1906 
Presented  by  J,  Swinburne. 

— Swr  BanU,  A.,  Buono,  U.  del,  and  Giorgio  G. 

Goodwin  [  Hov,  H,  ].     Atj  Elementaiy  Oour«a  of  MathematlcB.     4th  ad<     Svo. 

C«mfrriiige,  1853 
iVe^nted  by  P.  P.  Rowell. 
GrMths  BedfiU  Surfkce  Contact  Co.     'The  G.  B.  SurfaLe  Contact  System 
{Description).     4to.     32  pi>.  Latuhfi  [IdOiJ 

Grover  [F.  W.J.     See  Rom,  E.  B.,  and  G  rover,  F,  W. 

Hallock  [  W.]  and  Wade  [H.  T.  ].     Outlines  of  tbe  Evolution  of  Waigbts  and 
MeaaiireM  and  the  Metric  Syfttem  (2nd  Impre^ion).    Bvo.    316  pp. 

New  York  and  L&ndm,  1906 

Presented  by  M^titt.  Macmillati  ^l^  Co.^  Ltd, 

HanmiOlld  [^j-     Electric  Power  Distribution    for  the  Rand.     (Paper  read 

before  the  British  Asaooiatioa  at  Johaane&bivrg»  30th  August*  1905.)    Svo. 

16  pp.  Lottdon,  1905 

The  Electric  Ligbtiiig  Monopoly,     [An  Addrosii  before  the  City  of 

London  TiradcHmen's  Club.]     8vo.     8  pp.  London,  1E9S 

Municipal  Electricity  Works.     (Paper  read  before  the  Incorporated 


ABsooiation    of    Municipal    and    County    Engineers.)       [  Reprinted    from 
Lightning.}     8vo.     16  pp.  London^  1893 

— Electric  Street  Traniwayg.      (Paper  read  before  the  Incorporated 

Association  of  Municipal  and  County  Engineers.)    6vo.    30  pp. 

London  f  189A 
Boport  on  Eloetric  Traotion  in  Dublm,  to  the  Directors  of  the 


Dublin  United  Tramways  Cotnpajiy.    ObJ.  8vo.    15  pp,  Dublin^  1695 

Twenty-five  Years'  Developments  m  Centra!  Stations.     [Reprinted 


from  the  EkctHcal  Review,  Vol.  41.]     8vo.     16  pp,  London,  1897 

Report  on  Electric  Lighting  and  Refuse  Destructor  to  the  Hackney 


Vestry.    Fol.     143  pp.  L<mdm,  1898 

Hatnmoild  ^  Co.  Electric  Lighting:  its  present  position  and  future  pros- 
pects.    8vo,     97  pp.  London,  1888 

Hay  [A,].  Alternating  Currents.  Their  Theory,  Generation,  and  Transfor- 
mation.   8vo.    305  pp.  Londcn,  190& 

Hiimeii  [J.  Fisher-]    See  Pisher-Hlnuen.  J, 

Hirsch  [A.  H,]  and  Wilkmgf  r^-]^     See  Elektro^Ingoniour  Kalender. 

Hobart  [H.  M.].  Elementary  Priuciplea  of  CJontiuuous  Current  Dynamo 
Design.    8to.     230  pp.  Londm,  1906 

Presented  by  Mosars.  Whittaker  &  Co. 

Hobbs  [^V,  R.  PJ.  The  Arithmetic  of  Electrical  Measurements.  Revised  by 
Dr.  It.  Wormell.     12tb  ed.    8vo.     136  pp,  London,  190& 

Hooley  [E.  p.]  .  The  Management  of  Highways.  8vo.  104  pp.  London^  189B 
Presented  by  Messrs.  Biggs  &  Bqu%. 
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Hyde  [W,  H.].  Telephone  Troubles  and  How  to  Fmd  Them*  A  Tcliiphone 
Inspector*a  Handbook  on  both  the  Magneto  and  Central  Energy  Systems* 
11th  ed.    Svo.    56  pp.  Mihmiiki's,  1900 

Presented  by  Messrs,  8.  RenteU  A-  Co.,  Ltd, 

Indi&   Eul^ber,    0utta    Fercha,    and    TetegraplL    Worka    Co.,  Ltd< 

Description  of  their  Silvertown  Works*.     ObL  8vo.     20  pp.         L(/ndo}it  1906 

Jaagfer  [W.]  and  Stein Wehr  [K.  von].  Eicihuag  eines  Berthelotachen  Vcr- 
breiinungakalori  meters  in  elekt  rise  hen  Einheiten  mittels  dea  PI  a  tin  thermo- 
meters, [Reprinted  from  Anfialeti  der  Phtjsik^  5th  Ser,»  Vol,  21  >  pp.  29-G3.] 
8vo,    41  pp,  Leiimfji  1906 

—    An  wen  dung   dea   PlatinthermometLTH    bei    kalorimetrischen    3^1  es- 

suDgoii,  [Repriated  from  Zeit^hrift  fiir  ImtritmetU4fHkunde,  1906.]  4to. 
13  pp.  Berlin,  1906 

James  [W:  H.  N,]  and  Sands  [B.  L.].  Elementary  Ele^trioftl  Calculations. 
8vo,     216  pp.  Lwwfem,  1906 

Japp  IF.  R,].     See  Moldram,  A.  N. 

Xapp  [^0-  AJternatia^  Currents  of  Electricity  :  Their  Generation ,  Bfoaiiure- 
luent.  Distribution  I  and  Application,  With  an  Introduotion  by  W.  Btanley^ 
Jr,     [Reprint.]    8vo.  New  York,  ISWd 

Dynamo  Construe tion  :  Electrical  and  Mechanical ;  being  a  techni- 
cal doflcription  of  typical  ^lachines  £or  the  generation  of  High  Fre^nro 
Currents,  &c.  4to.  143  pp.  23  working  drawings*  Londtmf  n.d. 
Elcktrom«ch  anise  he  Konstruktionon.     Elne  Sammlutig  von  Kon- 


Btruktionabobpielen  und  Bercohnung  von   Maschmen  und  Apparatcn  fiir 

Starkstrom.     2nd  ed*     4to.     300  pp.  and  36  pi.  BeT^lin,  1002 

~    Transformatoren   fiir  Wechselatrom  (ind  Drehstrom,     Eine  Dar- 


fttollung    ihrer    Theorie,    Konatruktion   und   Anwendung,      Sod   ©d.     8vo. 
288  pp*  Berlin,  1900 

DynamomaBchinen  fiir  Gleioh-  und  Weohselstrom.    4th  ed,    8vo, 


6^  pp,  Berlin  t  1904 
Dynamos,  Motors,  Alternators,  and  Rotary  Converters,    Tranjilated 

from  3rd  Gcrmaii  edition  by  H.  H.  Simmons.  8vo.  609  pp.  Lmt^on^  1902 
Sc«  Verband  Deutscher  Elektrotechniker, 


Kennedy  [R.]'    Photographic  and  Optical  Elootrio  Ijampa.    8vo.    69  pp. 

Londoti,  1896 
Prcsontod  by  Messra.  H*  Alabaster  Gatchousij  and  Co. 
Kohl  [M,J,     Physikalische  Apparate.     [Preiaiisto  Nr.  21.]     4to,    906  pp. 

ChemniU  L  S,,  1905 

-= ' Physikalische   Apparate.     Nachtrag  zu  PreisJiste   Nt.   21.     4 to. 

pp.  883-1086,  ^  Ch^mmU  i.  S.,  1906 

Korda  [DO-    La  Separation  Elec tromagn^ tti^ue  e t  Electros tatique  des  M  inc  rak, 

Svo.     219  pp.  Pans,  1905 

Krie^  [M.],    Die  elektrischen  Motoron  und  thre  Anwendungen  in  der  Lndustrle 

und  im  Gewerbo  sowie  im.  Einen-  und  BtrasBenbahnwesea.     8vo.    264  pp, 

Lmpiigt  1891 

Presented  by  L.  H.  Walter. 

Kurlbanm   [F-]    ^^^^    Sclmlze   [G-]-      Temper* tur    nichtleuchtondcr,    mit 

mctallsalzeu    gcfarbter    Flammon.       [Reprinted  from   Vcrfmfuliungen  der 

Deutsc^ten    Physikalischm    Qt^ellschafi,    Vol,    Vni,,    pp.    239-247.]    Svo, 

9  pp.  Braumchtsmg^  1900 

Pros<!nted  by  tho  Phyuikaliflch>Techniachen  B^ichsaustalt. 
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LancMhire  and  Torkahlre  Hallway*    Dsmti^thm  of  the  Livarpoaip  South- 
port,  and  Crosaena  Electric  Section.    Bvo*    16  pp.  Mancheat«r^  1906 

Larter  [A.  T,].     See  Dowson,  J.  E.,  and  Larter*  A.  T. 

Lawrence,  Scott  &  Co»,  Ltd.      Electric  Driving  of  Rotary  Printing  PresBes, 
Complete  Control,  Single  Motor  Systems  (Scott's  Patent).    3vo.    8  pp. 

Londan^  1906 

LaWSOll  [^*  A.].     See  Marcb&nti  E.  W.,  and  Lawson,  F.  A. 

Leaper  [C.  J.].     A  First  Book  oj  Experimental  Science.     8vo. 


367  pp. 


Pre^nted  by  Messrs.  Biggs  &  Sons. 
Graduated     Exercises    in    Elementary    Fr&ctical 


11«  pp, 
Londom,  1902 

Physios.      8vo. 
London,  1901 


Presented  by  Messrs.  Biggs  &  Sons. 

Questions  in  Elementary   Eleotricftl  Engineering  (with   numerical 

solutions),    8vo.    M  pp.  London^  n.d. 

Presented  by  Messrs.  Biggs  Jt  Sons* 
Xw  [S' L^  H-].     Practical  Notes  on  Electric  Mains.   8vo.  73 pp.     Lmtdmitl202 

Presented  by  Messrs.  Biggs  &  Sons. 

TJfthewthftl  [E].      Photometriftche    Versucho    der     PhyfiLkalisob-Tccbnischen 

Beiebsanstalt  iiber  das  Lichtgt»rkenverhaltnisB  der  Hefner lampe  zu  der  10 

Kersen'Pentenl&mpo  und  der  Garoellampe.      [Reprinted  from  Journal  /Ut 

Qaabektichtun^,]    8vo,    8  pp.  MUnclten^  190^ 

Frcsontfld.hy  the  Pbysikaliscb'Teohnischcn  Beicbsttustalt. 

LeithaUMr  [G,].     Se6  Warburg,  E..  and  Leitbauser,  G. 

XiverpOOli  the  City  of*     Official  Handbook.     8vo,     16  pp.      Manch^Mier^  1906 

LoQ^liardi  [!><]*  Lezioni  di  fisica  tecnica.  Fondamentt  s(?ientifici  dell 
clettroteonioa,    {Lithographed.)    8vo.    S8T  pp.  Torinc^,  1906 

Lenta  polarizaabilitA  dei  dielettricl.     La  seta  come  dielettrioo  nella 

oofitruxione  dei  condeneatori.  [Estratto  dalle  Memork  delta  R,  Aocad^mia 
detU  Scietuse  di  TariTw,  Series  II.,  Vol.  XUV.]     4to.    70  pp.     Torino,  1894 

Polarisationsphsnomene    m    cmem    homogenen    elektrostatiscben 

Felde,  (Measung  Yon  Potential -diflercnzen  imd  Dielektricitats-constanten.) 
[From  the  8th  Jahresberichi  d.  Phynkalischan  OeselUclmJi,  pp.  32-64.]  8vo. 
43  pp.  Uster^ZUricK  189& 

^- Bicerche  sopra  sostanze  diamagnetiche  c  deboLmente  magnetic  he. 

[Estratto  daUe  Memorie  dslta  R.  Acc^idettkia  delU  ScienMo  di  Torin&t  Bene  II k, 
Vol.  XLVII.]    4t0.    33  pp.  Tarwso.  1897 

Ricerche  t^riche  s  sporimentali  aui  traaformatore  di  fasa  Ferraris- 
Am^.  [Estratto  dalle  Memoris  d^Ua  U.  Aecadm^ia  dd  Liitdaf,  Serie  6*, 
Vol.  n.]     Bvo,     37  pp.  Riftna,  1897 

' — -    Gondcnsatori  elettrlci  per  alta  tensione.  (Commuuicaaione  fattaal 

P  Congresso  Nazionale  di  Elettrioimti  in  Oomo^  1899.)  [Estratto  dagU 
Aiti  delV  Auo(^a9ione  Eltt^otecmca  Italiana^  Vol.  HI.]    8vo.     9  pp* 

Aft£a?to,  1^9 

Condensateura  Electriques  pour  Haute  Tension*     (Head  beCore  the 

CmgrU  tni^maii&nal  d^tUctrimU  da  1900.)     8vo.    7  pp.  Paris,  1900 

, — ^    Condensatori  elettrioi  per  alta  tensione.     [Estratto  dagli  AUi  d. 

AssQdationt  EiettroUcnica  Ilalianat  Vol.  VHI.J    Svo.    18  pp.      Roma,  1904 
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Lombard!  [L.]    (continued).      Suile  Iftinpfldo  iid  omnio.    [Estratto  d^gli  Aiti 
rf,  AsMmasums  Eteiirokcmra  Itnliana,  Vol.  VII.]  Svo.    30  pp.     Jfoffm,  1903 

'    Perkirbazioni  dovute  alia  disuaiformit^  del  campo  in  alcuni  freni 

elettromftgnetiei.     [Est  rat  to  d^U  AlH  del  E.  Milute  d'Inci>rag§iaifLenti  di 
Napoli,  Seriea  VI,,  VoU  III.]     8vo.     17  pp.  Napoli^  1906 

II  dtagrejnmfi  circalare  d^llo  ma^^hine  aeiDcrane  polifasi  impiegate 


come  motori  e  come  generatori.     [Estratto  dagU  AtHd.  Associ^isione  Eht- 
trot&mica  Italiaiui^  Vol.  X.J     Svo.     55  pp.  Milujw^  190G 

Gilt  dafi  Kreiadiogramm  fiir  asyoclirorie  WecbaelstroXDniaaGhineo 


aucli  boi  Ubersj'nebronismits.     [Ropdnt^  from  Ekktrotechnik  and  Maschi- 
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|*Eliey  [E*  W,].  The  Novice*s  Guide  to  Electric  Car  Driving,  3rd  ed.  Ifimo, 
I         78  pp.  Loruion,  190G 

I* Emmet  [W.  le  Roy].  Alternating  Current  Wiring  and  Distribution,  2nd  ed. 
I         Svo.    96  pp.  New  York,  1898 

rand#  [C.  L.  von] ,     See  Dolezalek,  F* 

l»»iEagineer,  An."  Secondary  Batteriei,  A  Praetieal  Handbook,  dvo.  91  pp. 
I  London,  1903 

lEngineermg^  Standards  Cammittee.  Second  Report  of  the  Locomotive 
I  Committee  on  Standard  Looomotives  for  Indian  Railways,  Pol,  6  pp. 
I         12  plates,  London,  1907 

L—- Britiih  Standard  Specification  for  Filament  Glow  Lamps.     Fol. 

I         11  pp,  Ltmdim,  1906 

L British  Standard  Screw  Threads  and  Pip©  Threads,    Fol.     4  pp. 

I  London,  1906 

iXpstem  [J*]'  Daueruntersuehung  von  TrooJtonelementen.  [Reprinted  from 
I         Zeitschri/i  fUr  El^ktTmhemie,  Vol.  II.]    4feo.     2  pp*  HcUk,  1895 

L  Die    magnetische    Priifung    von    Eiaenblecb*      [Reprinted    from 

I         EMtroUchnvK^he  £eiisc}^/l,  Yoh  XXl.]     4 to.    9  pp.  B^im,  1900 

K Die  Elektrotechnik  im  Unterrichtsplan  von  gewerblicbon  Fortbild* 

I  ungsachulen  und  Faehschulen*  [Reprinted  from  Zmtechrift  fur  g^tmr^ 
I         hlkhen  UnUrricU:\    4io.     8  pp.  Leipzig,  1900 

FEriiard  [1?0*  ^*^  ©Uktrisohe  B«triebim  Bergbau,  mit  besonderor  Beriicksicht- 
Ifung  der  Betdebsiioherhelt.     Svo*    161  pp.  Ealk  afS,,  19(^ 
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^ISmacka  [B.].  Ober  eloktriflche  Wellen  und  ihte  Anwendung  zur  Demonstra- 
tion der  Telegrapiii©  ohne  Draht  nach  Murconi.  Experimeiitalvortrftg, 
Berlin,  Oktober,  1897.    2nd  impresiiion.    8vo,     IS  pp,  Berlin,  1898 

^^Ernit  [A.J.  Dio  HebozeugG.  Theorie  imd  ICritik  ausgefiihrter  KouHtrukbionan 
mit  beaonderar  Boriickaiohtigung  der  eloktriaohon  Anlagen,  4th  od.  3  Voli« 
4to.  BerUn,  1903 

♦Eataimii  [E.J-  Traits  pratique  de  TdMconununioatba  Alectriqua*  (T^l*- 
grapbie  T<Sl^phoiale.)    8vo.    690  pp.  ParUt  1904 

Euler  [HJ,    Sm  Arrheoiuii,  9. 

Evans  [J.  Castell].    ^«f  CastoU-Evana,  J. 

♦Everett  [J-  I>^].    lUustrations  of  the  0.  Q.  3.  Syitom  of  Units  with  Tables  of 

Phytical  Gonfttanta,    5th  ed.    8vo,    306  pp.  Lwwkm,  1903 

*F&bry  [CO,     Les  Pilea  ifelootriques.    2nd  ed.    8vo.     172  pp.  ParU,  1905 

*F&radAj  [M.].  Faraday  aa  a  Discoverer.  By  Jobti  Tyndall.  5th  od,  8vo. 
211pp.  Lowfcwi,  1894 

• Memoirs  by  Michael  Faraday.    The  Disoovory  of  Inducod  ElcMjtrio 

Currents,  being  Vol.  XL  of  Scientiflo  MomoirB,  edited  by  J.  3-  Ames.    Bvo. 

96  pp.  New  York,  1900 

"^'Feldiiaai    [F.   M.j.      Die  Erfindnng  der   eiektriHchen    VerBtirkungsflaadie 

durek  Ewald  Jargen  von  Kleist.  [1700-1748.]    8vo.    29  pp»    Heidelberg,  1908 

'■"FeldmaiiH  [C.  P.]  *    Wirkungsweiae,  PrQf  ung,  und  Borochniing  der  Wechiel- 

atrom-Triinstormatoren.     2  Vols,  in  one.     Svo.    632  pp.  Leipzig,  1694^ 

*- — —*' — —    Aaynohrono  Generatorea  tiir  em-  und  mehrphaaige  WechBelatrome* 

Ibre  Tbeorie  und  WirkungBweiao.    8vo.     140  pp.  Berlin^  1903 

See  Herzog,  J.^  and  Peldmann,  C.  P. 

"^Feldmann  [B.].  tJber  die  Wirkung  der  QuarEglaa-Queckailbcrlainpe.  [Inaug.- 
Diaa.]     8vo.     42  pp.  Qi}itingen,  1906 

^Felici  [B,]'  ^bcr  die  malbematischo  Thearie  der  elektrodyuamisohen  In^ 
duotion.  tJberietjst  von  B.  DeBSttu.  H»g.  von  E.  Wiedermann.  8vo. 
131  pp.  Leipzig,  1899 

*Feltoae  [E.]*  iBOliermalorialion  und  Wftrme-  (Kalte-)  Bchutzmaaaen. 
[pp.  232r-310.    laoliermittel    far  die  Elektroteohnik.]    8vo.    331  pp. 

IVien,  1903 

*Ferclllaild    [P-]-      Grundriss  der  roinon  und   angewandten   Elektrochemie. 

8vo.    278  pp.  Hail*  a/S.»  1903 

*  Ferraris  tOO-     OpoTe^  pubis  cat©  per  cura  deEa  Aaeooiawone  E!ettrotecniea 

Italiana.     3  Yola.     Bvo.  Aftkw,  1903-4 

FaiTi6  [^^]'     S^  Boulaager,  J.,  and  Ferri^^  G. 

^Figurelll  [A.].  Lo  on  do  elettriche  e  loro  applicazione  nella  telografia  con  e 
iien24  Mi.    12mo.    138  pp,  MilanOi  1904 

♦Fischer-Hiiman  [JO-  ^'®  Wirkungswelse,  Bcreobnung  und  Konatruktion 
ctektriaober  OlekhatTom-MascEinen.     5th  ed.    8vo.     548  pp.    4  platefi. 

ZUHcK  1904 

'''Fitzgerald  [G*  ^0^     '^^  Scientific  WritingB  of  the   late   George   Francin 

Fit^er&ld.     Collected  and   Edited   with  a  Historloftl  Introduction   by  J. 

Larmor,    8vo.    640  pp.  Dublin^  1902 

FitSpatriek  [T-  go  .    See  Wilberforee,  L.  E.,  and  Fit^patriok,  P.  0. 
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^'Flather  [^>  J^^  Dynamonu^tccs  and  the  MeAsufemont  of  Power^  A  Trefttite 
on  the  Const  motion  and  AppUcntion  of  Dynnmoraotors.  2nd  ed.  BvQ, 
403  pp.  jV^iW  Forfe,  1906 

''^Fodor  [K  da],     Dio  elektrisohe  SohweisBiittg  iind  L*lfcbTing,     Byo.    253  pp. 

^i^t,  1892 

• ExperimeDfee  mit  Strom^n    hoher    Wecb«iila»hl    und  Prequenz. 

Revised  by  N-  Tosla.    %vo.    307  pp.  Wien,  1894 

*- Elokfcticrtaii  direkt  aus  Kohlo.    8vo.     SIT  pp.  Wien,  1897 

*Fdppi  [A,].  Einf  lib  rung  in  die  Maxwollache  Thoorio  der  Ekktricitat.  2&d 
fed,  [Thearie  dcr  Klekfricim,  Von  M.  Ahmbam  ivnd  A  F5ppl.  Vol.  L] 
Svo.  Leii^zig,  1904 

-"^Forstner  [A,].  Die  kiinstllchc  Kthlung.  Isolation  gegen  Peucbtigkeit  uud 
fur  Eloktricitiit.     fivo.     358  pp.  Wien,  1903 

*  Forsyth  [A.  R*].    A  Treatiiie  on  Difioretitial  Equations.    3rd  ed.    Bvo.  527  pp* 

Londo*^,  1903 

Foster  [^^]*     Engine<^rlng  in  the  United  St^tea.     3vo.     125  pp. 

Preaentcd  hf  the  UniverBity  of  Mnnchcstor. 

*Foit€r  [H.  A.].     Electrical  Engmeer's  Pooket-Book :  a  Handbook  oE  Uaofnl 

Data  for  Eloctricianfl  and  Electrical  Engineers.     Itb  ed.    8vo,    006  pp* 

New  Yark,  1905 
FomiLier  [0.].    S^^Hauek,  W. 
Founder  d'Albe  [^-  e.].    Sm  D'Albo*  B,  K  F. 
Francis  [W.].    See  Ohm,  G.  B. 

Franklin  [B.].  The  Reoord  of  the  Celebration  of  tho  Two  Hundredth  Anni- 
versary of  the  Birth  of  Benjamin  Franklin,  under  the  auspiceH  of  the 
American  Philosophical  Society,  held  at  Philadelphia,  April  17-20,  190G. 
VoL  I.     Svo.    340  pp.  Philadiitphia,  1906 

Presented  by  the  Amoriean  Philoiophioal  Society. 

■Franklin  [W.  S.]  and  WiUiamson  [R.  BO-  The  Eloments  of  Alternating 
Currents.    2nd  ed.    8vo.    360  pp.  New  York,  190i 

*Friese  [R*  M.}.  Daa  PoraaUan  als  Isolior-  und  Konatruktionsmaberial  in  der 
Elektrotecbnik  (mit  be»DtiderQr  BerilokBichligung  dos  LeitungBfaaues,)  Bvo. 
281  pages.  Berlin,  1904 

*Frolicll  [O.].  tJber  Isolations*  und  Feblerbestimmungen  an  olektTiscbeii 
Anlagon.     8vo.     234  pp.  Halk,  IBSS 

•  (Jaifiberg  [S,  von]*  Tanohenbuch  far  Monteure  elektriiwher  Beleucbtungaan, 
hkgon.     aistod.     8vo*     250  pp.  MGnchen,  190& 

-'^arbasso  [A..].  LeEloni  Bperimentall  inLft  luo«  oonsiderata  come  fenomeno 
ebttroraagnefcieo-    8vo*     259  pp.  Milan&,  1898 

0arGin  [J-]*    ^^*  Biondlot,  K 

(Jamett  [w.].    s^^  Haxwdu  j,  c. 

Q%j  [A,]'      Le«  C&bbs  sons^marins.    [i,]  Fabrieatioii.     [ii.]  Travaiwt  ©n  mer, 

2  VoU*    Svo.  Paris,  19Q2-S 

Oehrcke  [^0  and  Baeyer  [0.  v.j.     Cher  den  KcomaU'Efrekt  in  schwachen 

iMagnetfeldern,     [Eeprinted  from: the  Verhandlungm  der  Detit^chen  Phyfsik. 

Qm.,  Vol  V11I„  pp,  39?M04.]    8vo.    6  pp.  BraUf^hmeiQ.  10OC 
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*Oeitler  [-T.  R.  von],  Elektromagnetiscbe  Schwingungen  und  Wellon.  8vo. 
162  pp.  Braumchtotng,  1905 

*GenticIl  [W.].  St«ftm  Turbines.  Their  Development,  Sty  lea  of  Build,  Oon- 
Btniction  and  Ubcs.  Translatad  by  A.  R.  LiddeJh  8vo.  382  pp.     La^tdon,  1906 

^Gerard  [E.].  Electricity  and  MagnetiBm.  Translated  from  tte  4fch  French 
edition  by  B.  C.  Duncan,  with  ehaptei*  by  C.  P.  Stfllnmetz*  A.  E.  Kenneily 
and  0.  T.  Hutchinson.    8vo,    401  pp.  New  IVAr,  1697 

*Gt>o4rioll  [W,  F.].    Befuso  Disposal  and  Power  Production.    9vo.    399  pp. 

Westmimt&r,  1904 

*Gore  [Gt].  The  Art  of  El©ctromefcttHurgy»  im^hiding  all  known  Proceasoa  of 
Electro* Depositiou,    6th  ed,    8vo.    417  pp.  Lojidonr^  18UG 

* ^    Electro-Cheraisitry,  Inorganic.    3rd  ed.    8vo,    134  pp. 

Lmdon  [1901 7] 

"^OraJil  I^]-  Corso  di  Elettrotecnica.  VoL  L  Alternatofi,  dimmo  a  correute 
continuft  B  trftsfonnatori.  VoK  II.  Motor!,  convertitori,  accumnlatori, 
siBtemi  e  implanti  di  diatribusione,  lampade  elettricho,  tra^ione.  2  VoIh. 
8vo.  ToHfto,  1904-06 

^(Jray  [A.j*  Tho  Theory  and  Practice  of  Absolute  Measurements  in  Electriolty 
and  Magnetism.    Vol.  LL,  parta  L-ii.    2  Vols.    Svo.  Londimt  1893 

^Oray  [J-]'  El(]«tfical  Influence  Machines,  Their  historical  development  and 
modern  forms.    2nd  ed.    Bvo.    $11  pp,  London^  19Q3 

Green  well  [A.]  and  Elfldea  [J*  v.],  Analysk  of  British  Coals  and  Coke  and 
tho  Cbarac  ten  sties  of  the  Chief  Goal  Seams  worked  in  the  British  Isles,  witb 
an  Introduction  by  C,  A.  Seyler.    8vo,    496  pp.  Lotidon,  1907 

Preaonted  by  the  Colliery  Guardian  Co.»  Ltd. 

Gregory  [W.].     Set  Eeiohenbachi  Baron  K,  H,  von* 

Grew  [P*  B.  de],     S«  Arnold,  E.,  Armature  Windings, 

"^Guarini  [^J^  "^^^  Aotual  state  of  the  Electro. Motalluigy  of  Iron  and  Steel. 
(In  French  and  English^    8to.     44  pp»  Paru,  190& 

^GuUlaimie  [C.  E*],  Jlies  radiations  nouvelles.  Les  Bayous  X  et  la  photo- 
graphic i  travera  lea  corps  opaques.    2nd  ed.    Svo.     158  pp.     8  platen* 

Pat^,  1897 

*Hall  [H-S.]  ftud  SteveJU  [F.  H*].  A  School  Geometry,  Parts  I --VI.  (Re- 
print of  1st  edition.)     8vo,    478  pp.  Ltrnd^n^  1906 

• A  Text-book  of  Euehd'a  Elements  fof  the  use  of  Schools.     Books 

I,-V1.  and  XI.     Now  edition,    8vo.     469  pp.  Lert4ort,  1903 

^Hammer  [W.  J,  ].    Radium,  and  other  Radio-Active  SuhatanooB ;  Polonium, 
I  Actiniuiu,  and    Thorium,   with    a    consideration  of    Phosphorescent   and 

Fluorescent  subatancea,  etc.    8vo.    80  pp.  New  York^  1904 

"^Hanchett  [<^»  T.].    Alternating  Currents;    Their  Generation,  Distribution, 
I              and  UtiHmtion.    8vo.     176  pp*  New  York^  1901 

I       * —    Modern  Electric  Railway  Motors.    A  diaoussion  of  current  practice 

[     Ha 
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in  Electtio  Motor  Gonatructiou ,  Maintenance  and  Repair.    3vo.     306  pp. 

New  York,  1900 

HeuidblLclL    der     ElektrotachnllL      Herausgegoben    von    C.    Heinke,     See 
Heinko,  C 
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Haakel  I'W,  G.].  Elektriaoho  UnterstiohuDgcii.  EUte  Abhandlung.  Ubor 
die  theniioGlektns<chen  Elgonachaften  doa  KsIk&pAihos,  dos  BorjlloSf  des 
Idoc rases,  land  des  Apophyliites.  [Kiinigl.  Sci^fisUtihif  Gesells,  der  Wimen. 
Abhandl.,  VoL  XI.]     4to,     71pp.  Leipsig,  1815 

* ElektriHcbe   Untersuchungen,      Zwdlfto   Abhandlung,      Ubet  die 

the  rmoelekt  rise  hen  EigeDEiclmft«n  desGypses,  des  Diopalds,  d^a  OrtbaklAsee, 
de«  AlbiU  und  dm  Feriklins.  [KdnigL  SiicJi^ische  Geselh.  der  WUsen, 
Ahhandl,  VoL  XL]     4to,    63  pp,  Leipzig,  1876 

Elektrifwhe  UnteratichungeTi*     Dreizehnte  Abhundlung.     tjfaor  die 


thcrmoelektriflcben  EigenBcbaften  des  Apatite,  Bnicita,  CociloatinSf  Prebnita, 
Natroiitha^  Skolezits,  Datolitbs  und  Axinits-  [KUnigL  Sdchskche  Gesdh. 
tUr  Wi&mi.  AbhandL,  VoL  Xn,]     Uo.     54  pp.  Ldpiig.lSlB 

Elektdsohe  Untei^ucbungen.     Vierzehntc  Abhandluxig,     tjlier  db 


photo-  und  thormo<^loktHacben  Eigen^ohaftea  d«s  Flusspathoa.      [Kliniffl. 
S^hmche  GeseUs,  der  Wiss^.  AbhandL,  Vol.  XII.]     4 to.    79  pp. 

LeipBiff,  1870 
EJoktmQhe  Unterfluohungeit.    Fdnfzahnto  Abbi^ndlung.    tJber  dm 


akiino-  und  pitizooloktrU^bon  Eigt^nacbaftan  doa  Borgkr^statlea  und  ihre 
BoEiehiing  zu  don  Thormoolektriiohen.  [KdnitjL  SHchsi^fm  GcMlh.  der 
Wi$sm.  Abhandl.,  VoL  XII.]     4to,     92  pp.  Leipsi^,  1881 

Elektrisohe   Untersuobungen.      SocbaEebnte  Abbandiuog,      tlber 


die  Ibennoolektnacboa  Eigeo^obafton  des  Helvins,  MoUiUt  Pyromorphitfi^ 
MimeleiU&fPbeii&kitSrPenmns,  Dioptaaee*  StroDtlanitfi,  Witborits,  Gerussits, 
Euklaaos  und  Titanits.  [KdnigL  M^hsisclis  GskUs,  der  Wumk.  AhMiidL, 
Vol.  XIL]     4to.    48  pp.  Lfltpwg,  188*2 

Eloktrlacbf?  Unterauobungen.     Siebzehnte  Abbatidluitg.     Uber  die 


bei  einigen  G^entfwickelungen  auftretendon  Elektneititen,     [KiHiigL  SUch* 
siscke  GsMlls.  der  WUsen.  AUtandL,  VoL  XII.]     ito.     63  pp.     Leipzig,  1883 

Elektriacbe  Unterfluohungen.     Achlaebnte  Aliliaiidlung.     Portaet- 


zun^  der  Verauclie  iJlxsr  das  elektriscbe  Verhaltoti  dc^r  Quarz-  und  der 
BoTAoitkryHtalle.  [Kiht^L  Si£ehsi9chs  Gesetk.  der  Wissen.  AbhandL,  VoL 
XIV.]     4to.    70  pp.  Leipzig,  1887 

Elokbriaclie    UnUrsuebungen.      EinimdKwanzigate    Abbandlung. 
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(Jber  die  tbormo-  und  picEoelektriachen  Eigenfichafton  dor  Krystatlc  d&s 
amcsiBonfiauTon  Baryta,  Bleioxyda,  Strontiana,  und  Kalkett,  dOB  Balpetet- 
^aureo  Bar]rta  \md  Bleioscids,  dos  acbwefoleauran  Kalia,  dos  Glycocolls^ 
Taurina  und  Quercit*.  [KihiUfL  SdcJtsiscfie  GiulU.  der  Wis^en.  AbhandL, 
VoL  XXIV J    4fco.    29  pp.  Ltiprig,  1889 

• and  Liadenber^    [f^O-      ElektriBcbe   UnterBuchungen.      Neun- 

£dbnte  Abhandlung,  Ub«r  die  thermo-  und  pi^zoslektrisohen  Eigen»cbalt«n 
d«f  KryBtatle  des  Cblorsauren  Natrona,  de»  unteracbwefetsauren  Kalia,  dea 
SefgnetteaaJzeB,  dea  iJlesorclna,  dea  Miicbzuckera  nud  dea  dkbromBaureo 
Ealii.     [Ki^nigL    SffchHsch^   Gcselh.   der   n^isimt.   Abhandl,  VoL   XVIII  ] 

4to*   48  pp.  i^pjfiff,  mm 

*  — —     ElektriBcbe  Untersuchuugen.      Zwanzigste   Abhandlung.      tlbet 

die  thermo-  pi^zoel^ktriacben  Eigenacbaftdo  der  Xrystalle  des  brom-  und 
itb^rjodaanren  NatroUR,  dca  Asparnging,  dea  Cblor^  uod  Brombaryums^  sovrie 
dea  unterBchwefolsaaren  Baryta  und  Strontians.  IKfhiigt.  S^icJmaclt^  G^sella. 
der  Wissen.  AbhandL,  VoL  XXL]     4to.    34  pp.  Leipng,  ISM 
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*Har6  [A.  T.  ].    The  Oon^truotion  of  Large  Induction  Colin.    Bvo.    155  pp, 

Lmdm,  1900 

^''Hanck  [W.].     Die  galvanliKsben  B^ttarien  Aocumulatoron  und  ThermosAulen. 

4th  &d,     8vo.     336  pp.  TIVm,  1S97 

• Lea  Piles   feleotriqusB  et  Thenno^lfelectriques.     3rd  Frenoh  ed, 

Trftnalfttfld  by  G,  Fournicr.     8vo.     2G(j  pp.  Paris^  1899 

^Heinke  [C>].     Hundbuch  der  Eloktrotechnik. 

Vol,    J.   pttrts   i.-iii,     Die  E]iaklrophys>ik   und  die  Theode    des    Elektronrag- 

netiamnB.     Von  C,  HeiDke  imd  H.  Ebert.    2  Voli-     iyOa-04. 
VoL   XL   parts  l.-iii.      Die    Meaglechnik,      Yon   C,   Hinnke    und    iL   Kollert. 

490  pp.     1905. 
Vol.  IV.    Eiti'  und  Mehrpli&af»u^Wi?ohB«lstFom-£rz«ug4^r.   Van  F>  Nietbammer. 

2n4ed.    47Bpp.    190G. 
VoL   Vt.   pftrts  i.-iii.    Die   Leituiigeti,  Scb&tt-    und    SlcherhdUapp&r&tt}   fUr 
elekiriscbe  SiarkHtrom^niagen.    Von  H.Pobl  uud  B.  Sosohlti»ki. 
2  Voia.    1904-06. 
Vol.  VIL    Elektriecbe  Ci?»trftleri.    Yon  K  TVjlkens.    371  pp.     190& 
Vol.  IX.    Elektromotoren  und  elektriscbe  Arbeitelibertrftgung.     Vo&  F.  Niet- 

b*mmpr  und  E.  5c?bul^.    434  pp.    1901. 
Eight  Voli.  in  6.    4to.  Leiprig,  1901-06 

•^ ~  und  Ebert  [H.].     Die  Elektrophyaik  und  die  Tbeorie  d«B  Elektro- 

magnetismus*  [Hatidbtwh  d^  Elektrotechnik.  Hrsg,  von  C.  Heinke. 
VoL  L,  parts  i.'iiiO    4to.     2  Voli.  LeipgiQ,  190*2  OA 

• und  Kollert   [J-]^     ^^^  Mefistecbnik.     Part  1.  Die  Grundlagen 
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